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A melt spinning apparatus for spinning continuous polymeric filaments including -y

=
a first stage gas inlet chamber (105) adapted to be located below a spinneret (113) and 122 H e 1
optionally a second stage gas inlet chamber (106) located below the first stage gas inlet 12 '05 )
chamber. The gas inlet chambers supply gas to the filaments to controi the temperature of 108 1 { o
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BX%&%P&&QD(}pgﬁﬁg%hﬁ%RWICN The invention relates to processes and US 000010037
apparatus for nmelt spinning polyneric filaments at high %Qgﬁggr

‘exanpl e over 3,500 neters per minute (mpweLe 15 for polyester fi %%§%P§

Most synthetic polymeric filanents, such as polyesters, are nelt-spun

i.e., they are extruded from a heated polymeric nelt. In current

processes, af heparhiesf neshibroesgdides P bed [RITBMERDE FSioMEreeer ge 20
fromthe spinneret, they are quenched by a flow of cooling gas to :

accel erate their hardening. They can then be wound to form a package of
continuous filanment - yarn or G&hdTEDs AR STIOHWS e. g , coIIected as a

bundl e of parallel c u ment s-for _processj , as a

cont i nuous fllanentaﬁgé%g £9$l{&%§%9%rg%%ﬁms Brert %t%rg?aﬁ?@ or ot her
processi ng. I%nqﬁﬁp¢xﬁﬂﬁﬁxhylﬁ@ﬁﬁWﬁn¢mainpntgn&mtnreﬁy}ammmWSSSMNﬁlas

pol yesters, r € y. e pun condition,

wit'hout .any f}a?gbdl%oaﬁg%ggde?g/\mﬁn% 4 %Jb%%]%l ri:[' i-@’hlg%)%peeds of the order

of 5 knt%in or nore. Hebeler dlsclosed thls for pol yesters in U S. Pat.

No. 2,604,667. In additionBﬁﬂgﬁkownmemwimmﬁrmwvﬂmznggiven to the cooling,

or quenchlng,- of nol en f|Ia nts in a S |nn| a paratus See, 35

‘general |y, WD 00 054 TR FeER o 352 ceg$es 631484107 and JP 602

46807. Ther e spmeerdiman fe&se:rﬁltalémﬁﬂm@qscbmm f0farfenEaiSYisi@As i N

ggpnenre?l:l al %%%%@%@%f%%%% beerl%éej%\é%ﬁ YHiusgcejpt enber

2003 Crb®s- ﬁQQNHQLMQﬁtannﬁﬂlRMﬁnﬂ%MAng cooling gas transversely across
and from one si de of mda fgjg;sg}gé/t_@a(t d,:p{;lgeﬂé h of this
Jsou t ﬁgﬁte %M?%NQQ

cross-flow 5 asses throu he ot er s
AVENDED SHEEP e & e?ﬁie’% 2003 . PeRUSED? 1Eyg3muded from

a heated polymeric melt. In current processes, after

the freshly extruded molten filamentary streams emexrge

20 from the spinneret, they are quenched by a flow of
cooling gas to accelerate their hardeniﬁg. They can
then be wound to form a package of contimuous filament
yarn or otherwise processed, e.g., collected as a
bundle of parallel continuocus filaments for processing,

25 e.g., as a continuous filamentary tow, for conversion,
e.g., into staple or other processing.

It has long been known that polymeric
filaments such as polyesterg, can be prepared directly,
i.e., in the as-spun condition, without any need for

30  drawing, by spinning at high speeds of the oxder of 5
km/min or more. Hebeler disclosed this for polyesters
in U.8. Pat. No. 2,604,667. In addition, much
attention has been given to the cooling, or quenching,

‘ of molten filaments in a spinning apparatus. See,

35 generally, WO -00 05439, WO 95 15409, EP 0 334 604, JP
621 84107 and JP 602 46807. ‘

There have been essentially two basic types
of quench systems in general commercial use. Cross-

flow cuench has been favored and used commercially.
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i | ament arrayPSZ%aevS? dependi ng on various factors, sonme of the §§00R3}0037

be entrained by the filanments and .be carried down mnth hﬁ%*'ﬂMg

puller roll, whhsh- fl&dﬁéﬁ&afﬁvéfvééu 8L by 2l %Qsm%gegg ach spi R ng 5
posi tion. Cross fl ow has general |y been avore I ber engi neering
firns as puII%Fa?%ﬁ¢r§%€%d%cr?%ﬁs%ﬂ@n%ﬁﬁma@nemﬁ%ﬁaraﬁath%péedshlznd

sonetimes 1 eéLffeded Of Hbafdhiul-POasPRRUS) MBAN EoENERSASEHDECAYSE Of a

bel i ef thgt cross f|OMl ue égié? vi des the best 10 way to blow the | arger
amounts of coot éﬁﬁﬁ IH§ PRt r BB et apEeEdDOFf hEBRigh- put .

Anot her type of quench is referred to as "radial quench” and has been used
for comercial manufacture of sone polyneric filanents, e.g., as 15

di scl osed by Knox in U S. Pat. No. 4,156,071, and by Collins, et al. in

U S. Pat. Nos. 5,250,245 and 5,288,553. In this type of "radial quench”
the cooling gas is directed i nwards through a quench screen system that
surrounds the freshly extruded filanentary array. 20 Such cooling gas
normal |y | eaves the quenching system by passing down with the filanents,
out of the quenching apparatus. Although, for a circular array of
filaments, the term"radial quench is appropriate, the sane system can
work essentially simlarly if the 25 filanmentary array is not circular,
e.g., rectangular, oval, or otherwi se, with correspondi ngl y-shaped
surroundi ng screen systens that direct the cooling gas inwards towards the
filamentary array. In the 1980's, Vassilatos and Sze made 30 significant

i nprovenents in the high-speed spinning of polyneric filanents and

di scl osed these and the resulting. inproved filaments in U S. Pat. Nos.
4,687,610, 4,691, 003, 5,141,700, and 5, 034, 182. These patents describe gas
managenent techni ques, whereby gas 35 surrounded the freshly extruded
filaments to control their tenperature and attenuation profiles- Wile

t hese patents describe breakthroughs in the field of high-speed spinning,
there is a continuing desire to 2 16 Septenber 2003 WO 00/ 63468
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PCT/ US00/ 10037 i ncrease yarn-spi nning productivity through increased
w t hdrawal speeds, while maintaining at |east conparabl qs@emémig;é}\@@g,yar n

propert RY- OF THE | NVENTI ON I'n accordance with thes Etfﬁ’l t here
S proW%g%aﬁgégcesses and apparatuses for spinning polyrrerl C anents.

Accordingly tog e t n | {vent ] .on,_there rovi ded a
mel t spinni ng a%g%P 9 §£ %} sr}?%‘ﬁél‘ﬁezrecor%erﬂﬁ%usg 5ot YIRS RuT #%ﬁgﬂjﬁ
conprising: a $®m§t0§tfa}g@ s may dre chumedmest dpt ade & Heamémcat addbel ow a

spi nneret and BeSe5PPdedt @G GASCH Niiin thwachamemocat %Pf' W @ﬁ first

stage gas inlet chapber wherein the first and_second stage gas in
chanbers suppt§ gﬁ%v‘f’ﬁ MR ¥F 1LY &5 Hw Rase Sp&td r%P%#nllflgne
filanments; %n@miu@lommmﬂmnmmm agmrgdavated b0 chanber

for surroundi ng nbeefﬂjég ijtsn ngﬁe)yﬁl% ag. rﬂ:%l&le'ib?:olnfl g%?‘?%an i nterior

wal | having a converging Se ver dgi'ng 3 16
Sept enber 2003{2hsackepdame W%Qh%aﬂeﬁpﬁﬁﬁéc’ agd tSemepimesnt i nvention

there is prOVlﬁ@ﬂeﬁr@@'éoSﬁ Y eh i @,%‘éasf)omasr@ &E‘idlgaaﬁ%li'ﬁ%k%\fse
polymeric fil rrf Sl;) ﬂprlsm assi g’a heat }(fl’[EI‘IC In a

spi nneret to fOFn?f ‘?%\ Clﬁshfq Wgé?éleﬂ? Hdaﬁ%ntf%efb%a gas
‘i nl et chaiider wayg atedbbeak ovhd hlarm raneLet: si mfacblorlsjngst@_;@ rénoMedng a

gas to the flﬁiar%géf%gé? %ege?sb C{]:10 tiu%hl%%b ¢ n a second stage; passing

the filanents to wthecg_g |nlet chanbers, wherein said
tube conprises an i nt ePROEhERAVDHRA KpeRTorivergiivrradttomsfol | oned by a
~diverging sectigfia¥ dferfapt %ﬁ‘l@fha%o%eﬁuh'fslé@r ol eehiedf@aires and

advant ages of the |nvent|qp qpog%l%p%§&%%tnkronlthe det ai | ed
description tHSt" ‘f% s¥ne polym ents, e.g., as
15 dlsclosed by Knox in U.S. Pat. No. 4,156,071, and by
Collins, et al. in U.S. Pat. Nos. 5,250,245 and
5,288,553. In this type of “radial quench” the cooling
gas is directed inwards through a quench screen system
that surrounds the freshly extruded filamentary array.
20 Such cooling gas normally leaves the guenching system
by passing down with the filaments, out of the
- quenching apparatus. Although, for a circular array of
filaments, the term *radial quench” is appropriate, the
same system can work essentially similarly if the
25 filamentary array is not circular, e.g., rectangular,
oval, or otherwise, with correspondingly-shaped
surrounding screen systems that direct the cooling gas
inwards towards the filamentary array.
In the 1980's, Vassilatos and Sze made
30 significant improvements in the high-speed spinning of
polymeric filaments and disclosed these and the
resulting improved filaments in U.S. Pat. Nos.
4,687,610, 4,691,003, 5,141,700, and 5,034,182. These
patents describe gas management techniques, whereby gas
35 surrounded the freshly extruded filaments té control
their temperature and attenuation pfofiles. While
these patents describe breakthroughs in the field of
high-speed spinning, there is a continuing desire to

2



-5 16 Septenber 2003 BRI EF DESCRI PTI ON OF THE DRAWNG FIG 1. is a schematic
el evation view partially in section of a conparative appdS¢ptembédZB032 i s

a sche ation view partially in section of one embodi nent of the
pr esen%ﬁ@%’ﬁ#ﬁ% and as used in Exanples 1 and 2. FI G PGT/U80G{108henmat i c

el evation view part| al I% in section of a second enbodi nent of the present
invention. 6 I6CSEAFENPRIT2PPEEIRY Broduat E¢hevmthroegby dnicorasicaw

partially |nw&ehﬁraWamfsﬁeé@SIdm&ﬂb@dm£ﬁﬂﬁa9ﬁ1ﬁﬁea9r@é%g& invention. FIG_
in section o fourth

51is a schem n view tially

enbodi nent ofE§ﬁgg%§%§én * 1%@%’f%én¥a¥ﬂ(?r%P?Etée§chenat|c el evation view
partially in section of a fifth enmbodi ment of the present. invention. FIG
7 is a schematic el evati on Vig8\WRé 3l |y . of a sixth enbodi nent
.of the present |nvent|on 7 WO 00 her 2003 PCTI USOQO 10037
FIG 8 is a schematic %I%@%ﬁ?@ﬁPQﬁGW@EQUQH%§¢yneﬁﬂss@herenlef a seventh
_enbodi ment . obrovided eserdesddw eiid Qbpdddeuded Sedr Ss%"ﬁliﬁiﬁg el evation view

partially 5 i f 1N 0 invention. FIG 10 in section of a
i F?%?ﬁﬁ%ifﬁ @%5?“

i nventi on. on-of a
Accordingly to one aspect of the pPresent

10 invention, there is provided a melt Spinning apparatus
for spinning continuous polymeric filaments,
comprising:
' a first stage gas inlet chamber adapted to be
located below a spinneret and a second stage gas inlet
15 chamber located below the first stage gas inlet chamber
wherein the first and second stage gas inlet chambers
supply gas to the filaments to control temperature of
the filaments; and
a tube located below the second stage gas inlet
20 chamber for surrounding the filaments as they cool, the
tube including an interior wall having a converging
section, followed by a diverging section.



invention- FIG 12 eighth enbodi nent of the present is a schematic

el evation view partially ninth enbodi nent of the present is a schenmatic
el evation view partially tenth enbodi nent of the present 16 Septedideennds C
el evation view partially in section of an el eventh enbodi nent of the
present 15 invention. FIG 13 is a schematic elevation view partially in
section of a twelfth enmbodi nent of the present invention. 20 DETAILED
DESCRI PTI ON OF THE | LLUS NT _ The present tion provides
appar at uses and net ho%H %E%B';aal%é'}%%&r'@ ﬁ-‘égtgfﬁelﬁt agte Cctoo‘? rFB1 such
that filamentPSpeedt chAveatilner shese, ishereidddher Mmgsanmiungtl vity,

whi | e mmai nt.aipESge 95 faﬁrgrsmal%é %eﬁlielho%arp%%%éﬁd 51 f2p@ddi tion the

nmet hods can use | ess air than conventional procésses thereby  Téducing
expenses asso%?lﬁ?’éﬂsﬁ"?hpﬂﬁﬁl’@g 8i fleatefuPrdrEIRrdc ﬂ@‘éltqt}@n@hl ng system and
process used ssimneoat rob £30mi £idamenvent pﬁta;arlld&a@l al gdeerehegystemand is
described wig o_Fj f.th aw e.radial . quenching
syst em used asﬂaég%ﬁiggf |lhc u g§ %rﬁat/:l Fﬁaf“?)% ri%&&é:leﬁgb? EReforms an
annul ar cool i FRIIRRECE UFp| § éhaﬁbeﬁtagehaproylﬂaagsw igasd tol thecool ing 35

gas bl own in fiwouesir 9as-SHPR! ¥aknk r a ply
chanber 5 is flor ned b%/}%ﬁ gﬁito%awa ﬁ&e@ CAQ@%%% z]iﬂ Focg?gdggégghdrl cal

i nner wal | 163 f”BﬁPtﬁuEﬁcﬁ 58?6eﬂr°§§§@ﬁbb§lﬂ?w bhesgasl ar 8 16
Sept enber 2003:]4Q OfHGR468s PGTHEB00h 18833 diBEELERMPEOBBEI ShNEnPBLiQF NDre
parts | ocated gtop ef 10. Pref erabl he guench screen assenbly
11 conpri sesq'JaEipe ?‘6%12 ed %ﬁgr FOUneE &5 r’e¥%Jts edsg’tye@n J(‘ff‘o”tglélﬁovm)

whi ch facilitsstcéiegual airflow and 5 distribution.' Pressurized cooling gas
(such as air, - '



nitrogen, or other gas) is uniformy supplied through quench screen
assenbly 11 from annul ar chanber 5 into zone 12 bel ow spi nneret 13 where
an array of filaments 14 extruded from spinneret 13 begi 16 September 2003
Spinneret 10 13 is centrally located relative to housing 7 and can either
be flushed with or recessed fromthe punp block (also referred to as a
spin block or spin beam bottom surface 22 agai nst which housing 7 abuts.
Filaments 14 continue_through zone 12 _and pass_through tubul ar 15 exhaust
¢yl inder 15 (al so ref%PFE&eFOOQQQFﬁé'e§ﬁ%ﬁ§$€stﬁﬁg)aag?HGFQFﬁeoéuéﬁ@h unit,
down to pul | eninvenitién wihdsbesuméasppspeetd fsormetheddehaeibetihdrawal speed
of the fila . The | @ ontrol quencher dinensions are 20
shown in Figh%%%gﬁéégﬁéﬂsgég#f?ﬁ%ﬂgﬁgExanple 1. A - Quench Delay Height is
t he di stance between the spinneret face and the punp-block bottom surface
22. B - Quench Screen Height is the vertical length 25 of the cylindrical
guench screen assenbly 11. C - Exhaust Tube Height is the height of the
tube through which filanments 14 | eave the quencher after passing through
t he quench screen assenbly 11. D - Quench Screen Dianeter is the inside 30
di aneter of the quench screen assenbly. D1 - Exhaust Tube D aneter is the
i nside dianeter of the exhaust tube. In accordance with the present
invention, there is provided a process and apparatus for spinning 35
polynmeric filanments. In general, gas is introduced to the apparatus via
one or nore inlets in one or nore stages. The gas conbines as it flows
downward through the stages. The gas then exhaust out of the apparatus 9
WO 00/ 63468 16 Septenber 2003 PCTI[1S00/ 10037 via an exit tube or wall.
Some gas nmay exit the system through one or nore exhaust stages and new
gas may be added via subsequent gas inlets. An exenplary system_ is shown
in Fig. 2. In Fig. 2, a tw-stage quenching ,



5 systemin accordance with the present invention is illustrated. The
process of the present invention will be described with respect to the
operation of the apparatus as described bel ow. This syst ¢rSepiepthes2d03
simlar elenents as in Fig. 1, such as an outer 10 cylindrical housing 107
adapted to be located below a spinneret 113. Spinneret 113 is centrally
located relative to housing 107 and is recessed froma punp- block bottom
surface 122, as shown in Fig. 2, agalnst mhlch hou5|no 107 abuts 15
However, the quenchi ng s\BRIEE DES OF BWIAG he i nventiqn

are-di fferent from therceontr ok ah@waem@tfd:gelévatﬂoﬁhaiewfparexammye the
i nvention as iﬂo 9 F|gf 2 gqﬁgéfgesvt St a converging section
116 for accel erat Phe®ai 7, “Ah 507¢ erglng diverging section in tube
119. A first stage ch‘éﬁbea 195aaaman@%mmll@tfa@eorehﬁm@rpa@tslaléy each
formed in thelﬁygbegibﬁ%f'aﬂ@reﬂ@écﬁu@énﬂQ?f THUSH e Y - inFehsios! age

chanber 105 is adapted to. be_ |ocated bel ow a spinneret 113 and supplies
gas to the 25%Pf1 & HF@dliﬁ FRRHRS of 3ME 4enperature of the filanents
114. Second stage chartier 306sis sonaterdic belavweni dieviewspastagelgas inlet

108 and a tube_1 at gd_b h e I [ 8 for

sur roundi ng tﬁn %gfa#rgﬁté?as %18% %@d%ﬁﬁeﬁaér%o‘%\gﬁ&‘goz, which is
attached to cyhveatieat inner mall 103 at the | ower portion of the first
stage chanmber 105, separates the first stage chanber 105 fromthe second
stage chanber 106. However, as shown in Figure 11, in the apparatus of the
present invention there can 35 be a single gas inlet supplying one or nore
chanbers. The nunber of gas inlets can be nodified to allow flexibility
in controlling gas flow. A first stage gas inlet 108 supplies gas to the
first stage chanber 105 10 WD 00/ 63468 16 Septenber 2003 PCT' 00/10037
Simlarly, a second stage gas inlet 109 supplies gas to the second stage
chanber 106. Any gas nay be used as a cooling nedium The cooling gas is
preferably air,




especially for polyester processing, because air is 5 cheaper than other
gas, but other gas nmay be used, for instance steamor an inert gas, such as
nitrogen, if required because of the sensitive nature of 16 Beptephley g3 C
filaments, especially when hot and freshly extruded. The cooling gas
flowi ng to each stage can be 10 regul ated i ndependently by supplying
pressurized cooling gas through inlets 108 and 109, respectively. A
cylindrical quench screen assenbly 111, as in. Fig. 1, conprising one or
nore parts, preferably a cylindrical perforated tube and a wire screen
tube, is 15 central|lyFg6si i dfed Fahemati¢releveagencharepat@balliy al
enbodi nents ofint Becaﬁeﬁeak hnﬁﬁﬂkao&mwﬁnen@%f %ﬁéeﬂréﬁéﬁt Is a ”eans for
di stributing gas fk radially into a stage. A w re-nesh screen,

el ectro- etchddVSBF&BR: or a screen assenbly conprising of wire 20 nesh
screens and perforat edIGubs ¢Enab3chéﬁﬁtlcFEE@@MEi@ﬁdv§QQ|bagtgﬁil s bl own
inwards fromégjr geci nl ough firs e chanber 105 and
through the c"yf1 s ?F?zg gﬁe%cﬁés%‘?@e%%s%gn Nt Olé a?%?%rﬁsﬁ%ﬁe 112 forned
in the |nter|6?V§§FFﬁHr|cal wal |l of 25 the cylindrical quench screen

assenbly 111, bel ow smznner@g 413chdnbund! & 8fa opbd ! 14, after
bei ng extruded throu e&tg? Jc%tholes not shé%n eg%és ?%Po% %one 112

where the f||%ﬂeﬁ?§ h FEpodiment, pdy W&ﬂlpﬁﬁﬁﬁ¢% dlsposed bel ow
t he 30 cyllndlmventqumnch screen assenmbly 111 and between the first st age

- gas inlet 108 and thegpggcond, st t 9. Afirst sta e converglng
section 116 is for medfé h%a%%’?%?r?%?amfc ﬁeelueé’iangl%?’l%"ﬁop%tr

speci fical ly ¥ $8etioR @F ot Siatth sfnbodisentalolf 0@ pr3Sdrat ween the first
stage gas inlaivd®dS8idnd the second stage gas inlet 109  The converging
section can be located in any portion of the apparatus of the present
invention, such. that it accelerates the' air speed. The 11 WD 00/ 63468 16
Sept enber 2003 PCT/ US00/ 10037 convergi ng section can be noved up or down
the tube to achieve the desired gas managenent. There can be one



- or nore such converging sections. Filaments 114 continue from zone 112 out
Secti onugl i onar wal | 103 before paseing through first stosdiohod o o
er wa efore
zggt: ggv%%wésﬁ' ong with the first Et age gcool i ng gas, whi tgﬁqg%sgg/?@ggt es in
the filanent travel g,llrec ign as filanents 114 coptinue to cool._ 10 A
cylindrical perforatedfab8 1F7 & STHIMsEY eV PRevViEVsPasEbgbly
conver gi ng sednieactiﬁnaoﬂ absewesnt i hentdod Sherst age gas préeénd 08 and the
second stage; Lgt 109. The cylindrical perforated tube 117 is
| ocat ed centra?l y W tﬁl n the second stage 15 chanber 106. However, the
perforated tube can b&IGofaféd aasTiatell tol pyavier Yh@Wstrthl?gas to
the filanentsn E@&t@esan@feanb@h@am&hmm& age s prds&le
cylindrical inner %va 118 is located bel ow the cyli ndr| cal perfor at ed
tube 117. A setdhd-38Pply 20 of cooling gas is provided fromthe second
-stage supply inlet 1B§Gbylﬂomala;adhemﬁtn¢rElmmﬁtIgn|vﬁbwcpirtp£[%€gateg
tube 117. Betwee I L8t C iéﬂ?y I ections an
126 respecti v\gﬁ EeEBEOE 5§bﬁa{a1?n§glc%?rg)r? For rreﬂeglg% Thher wal ls of
the 25 converéPﬁﬁnéée{lron 116 of entrance di ameter D3, exit dianeter D4

and hei ghtoL2. The tububarisegki @n slﬁﬁanmﬂ;c CONMR{ 1l 3 \?ﬁé’({a'ﬁktlﬁe@!_l%ant bg
formed as a sihg Lece par at e pi eces at are connecte
t oget her, for&glx%%% &9yt h‘—T"eg gg‘ %%Oﬁé“ fg E}Eeea‘??ﬁ?rit% may be
strai ght as showenthofig. 2 or tapered as shown in Fig. 4. The ratio of
di ameters D2 to D4 ispggneial & /s%ﬂ&a%ca%eﬂt%f&{% 1Q21<q_

use of such a,ratio, . the _sp ee Ing air can _be rease The

second 35 stay® £oFig %%@%a%%@?epﬁ%@?oﬁ%@%@ﬁd gresastver gi ng |

section erfirancesnwidh. di aneter D5 created by the exit of tubul ar section
sectiqn.116 and t.he ntrance of s

125 of the first con gi i.ng 12 WO
00/ 63468 16 Septerrberl\"g% Yot BGOPEIBsFC elevation view parti e

in section of a twelfth embodiment of the present

invention.

20 DETATLED DESCRIPTION OF THE ILLUSTRATED EMRBODIMENT
The present invention provides apparatuses and

- methods that allow for management of cooling gas, such
that filament speed can be increased, thereby
increasing productivity, while maintaining or improving

25 product characteristics. 1In addition the methods can
use less air than éonventional-processes thereby
reducing expenses associated with higher air
requirements.

The quenching system and process used as a control

30 is a conventional radial quench system and is described
with reference to Fig. 1 of the drawings.' The radial
quenching system used as a control includes a
cylindrical housing 7 which forms an annular cooling
gas supply chamber 5 that is pressurized with cooling

35 gas blown in through gas supply inlet 8. Annular
cooling gas supply chamber 5 is forﬁed by a bottom wall
1, a centrally located cylindrical inner wall 10 and a
cylindrical quench sc¢reen assembly 11 of similar

8



-tube 119. The termspinning tube is used to refer to that portion of the

appar atus having a converging diverging arrangenent. Pr fcranie Hierpber 33| ast
portion of the tube has such an arrangenent. The upper end of the 5

i spinnin&mFWﬁ@‘¥19 is located in the interior surface of RGIUSMAPSEI i nner
wal | 118. A second stage convergi ng section 126 of Iength L3 and an exit

di aneter D6 i difboened bﬂmﬁfﬁiglﬂbe&ﬁﬁy oraldrP e ﬁnd '? f0||0“5d|Fy
erior wa

a diverging 1 t 1 of 4, also forne

of the ?ubg 1%@8\%%’%21 itZ)end (%%trﬁ@ ¥nd tHe %nql'uﬁ@rggg agheohlhas an
‘exit di amet er Lb7compPramest @ bb4foramed Ithxbet ahouhto ot bieuohegki t di ameter
D7 and are tg&g@eﬂp(ﬁgtas 55}10%?%%95 ﬁl%%.e§§§ﬁ@ |aﬁ6§ig§g@égsthe

wi t hdr awal pged of anent & Spee
desired- Pref@tabFyP uFP@nr ol Pre§sugipeén caplinguokacd sephedsodinapove 500

npm and for npbrggenerorpbeh@raglag)al_iggvgng,fggglgpgh ppigeave 1&?%? velocity
Lncreases i it hedti | anent

of the conbl S second ases
“travel dlrectlon #% %ﬁgggseagﬁamgi ggcgﬁ9@rﬁpﬁ§ 1ag.£hambepes akrte hen
decreases asZeBe %%olpehQWgaslrmeestt hBowhkrehandavesgi 8¢ §§Ea§1héﬂhs 127. The

second stage Tookx 06,888 £0BHI BE3nibLhc e phit ! (3! AgS C0O0 as in the

second s nver in section 126 to ass ?}ra %n ng.

CO0I|ng nb%r ?Ql%@ H 1PeRred FﬁFéFéVQOBOahﬁuﬁﬂggnﬁyamé cawnt rol | ed

[ ndependent I yeitArenpbe oﬁhhsheﬁv‘eimn@rsgégggséaofrgﬁl @Iﬁéf %&]ﬁlghaw ng
u

erforated g$ o a 3 it of spinningt
IOCooI i ng gasm?asal%clj %f oéchﬁaus %h%%ﬁréh fﬂ‘éﬁp‘éﬁﬁPh‘Ee}a@‘i’fWI |Rotgfom f f user
cone 120, WA 3R PInbnekivhieh helothyy7 aadutsir b Eneenta ong t he

fiil ament pat conthienes herdu Gl £SnEXEPALE Ypa 8k t ns to exhaust
t he exi tﬁgas }gnch t hat, 35.1t he IS reduceda%r ?@%ﬂetqﬁf nts 114 may
) t

| eave e splnmqﬁftQﬁﬁﬁ oder 1y ol/he e e EsF¥efore | @S 18 afxhamtver gi ng
screen 120 afdb@lomuther®e tey deenckamip, bowd ol puild. A3 W 00163468 5

whose surface speed is termed the withdrawal speed of
the filaments 14.
The following control quencher dimensions are
.20 shown in Fig. 1 and are specified in Example 1.
A - Quench Delay Height is the distance between
the spinneret face and the pump-block bottom surface
22.
B - Quench Screen Height is the vertical length
25 of the cylindrical quench screen assembly 11.
C - Exhaust Tube Height is the height of the
[ tube through which filaments 14 leave the quencher
after passing through the quench screen assembly 11.
D - Quench Screen Diameter is the inside
30 diameter of the quench screen assembly.
D1 - Exhaust Tube Diameter is the inside
diameter of the exhaust tube.
In accordance with the present invention, there
is provided a process and apparatus for spinﬁing
35 polymeric filaments. In general, gas is introduced to
the apparatus via one or more inlets in one or more
stages. The gas combines as it flows downward through
the stages. The gas then exhaust out of the apparatus

9



L2 - First Stage Tube Length D2 - First Stage Converging Section Entrance

Di ameter 10 L3 - Second Stage Converging Section Length 1%3 Fi BSt age
i i Bontepbg
Convergi ng Section Tubular Section Ent rance Di anet er

Conver gi W@ 08&3468on Tubul ar Section Exit Dianeter 15 L4 - PQ_@GMM&@ge

Di verging Section Length D5 - Second Stage Converg| ng Sectlon Entrance

Di ameter D6 - gecaid. eﬁ@geu&@na@rﬁém S%%ﬁé) 5? 20 \}P%? =
Second St age D| ve ng Section Exit | D anet er tl ona e tg? g
Screen Length © “?ﬁ)tbg"?‘P? HeF dpPhf atXaysy tﬁﬂm%&ﬂ% DEvy gax |H§m hewo- st age

appar at us, theaduiﬁd ounieed smmwedmemtg §o4 erfletdb. 120 |é%é@f&ﬁ%z@ sdhg&xit of

t he tube 119 [ 0 si gl e, as an rmlti-stege
apparat us. I\/bri:sover he con%er%ll ngﬂge%t 0?122' alq;é" aﬁa‘ 9n Fig. 2
prior to the &¥Ite Imeagepedance wish widld raesens wmee:rtg.lomg is

(126) / di ver gi ng 1ukE¥Aa @ ar rengeFestedd &ﬂﬁ%ﬂéﬂtp%s%to ntv*é 0e b %T”ay be

applicable to any nult e deV|ce or to_a single_  stage device-

invention is JE}E?CIE WIRRFF & iTh&s onexatisn itier oduced in
108 and 109, appdmasmmmrad ﬁmcmmmdm orrhmcrsgaeed[ RoRESYsRs 35 Al so,

as can be forgedqi pher| Cc _pressure allow ng

gas to be suckegﬂllr?!t1t %%ﬁeﬂ%e&s sane olr%)odl f’fer a&a?@s @&ﬁ *be added in 108
and 109. 18 s&ptdmssricaodiorEEmasdil BEBR L edn taddet lonatedhbiedbte ¢ mensi ons
A and B defi nedrerder in F|@lﬁe@tprlqge&rse@eﬁgegﬂer lggggghdl ng to the

Lgxg?}]' ?n has t ‘e:ltle.cx)rleI OtWI r}%usdzln%enlsd'?mé%d Li%'. r@cre%seg from an;ﬁgﬂ%lﬂng Section
block bottom surface 122, as shown in Fig. 2, against
which housing 107 abuts.

15 However, the quenching system and process
according to the invention are different from the
control shown in Fig. 1, in that, for example, the
invention as shown in Fig. 2 comprises two stages, a
converging section 116 for accelerating the air, and a

20 converging diverging section in tube 119. A first
stage chamber 105 and a second stage chamber 106 are
each formed in the cylindrical inmer wall of the
housing 107. ' First stage chamber 105 is adapted to be
located below a spinneret 113 and supplies gas to the

25 filaments 114 to control the temperature of the
filaments 114. Second stage chamber 106 is located
between the first stage gas inlet 108 and a tube 119
located below the first gas flow inlet 108 for
surrounding the filaments as they cool. An annular

30 wall 102, which is attached to cylindrical inner wall

103 at the lower portion of the first stage chamber
105, separates the first stage chamber 105 from the
second stage chamber 106. However, as shown in Figure
11, in the apparatus of the present invention there can

35 be a single gas inlet supplying one or more chambers.
The number of gas inlets can be modified to allow
flexibility in controlling gas flow. A first stage gas
inlet 108 supplies gas to the first stage chamber 105.

10



.14 16 Septenber 2003 WO 00/ 63468 PCTI US00/ 101137 The delay (A) in pig. 2
can be an unheated or heated delay. A heated delay (oftqg d&jdmReLraN03
anneal er) is used. The length and tenperature of the delay can be varied

- t0 givewesismds cool i ng speed of 5 the filanments. . | n adT/UsNGAd3ITENt S Of
the invention, any desired type of wind-up could be used in addition to or

in place of r : For SXAH - I wi_nd- t.em can be used for
continuous fi hé#lr%a%%f%/%'r n%,gas 1oessthagg{/§; Q{')ﬂ I%rxll\gfr%i r:}t‘d)% §?1¥%e]ﬁei.esl\%{as4, %6, 071,
with interl atlRgSaSCRAoTRRIRF AR 100 dmnpies, Maysbe sk dyaet - | ess

system wher etfoyanrid mediwher IBeedtodigd ke waupd-Fsraigckage on the
first driven rgl | iggf a sho?v;@i Fi g} 3 . fog} exanpl e,, filanments that
15 are not intertaced hot ot eré{fro TOLESEGT s R6ANERe 2% Yaral | el

conti nuou® fitheapes fhan provesgasy dsit evhersgesr akys treh uswadll eoxgeneral |y
bei ng conbi nedn$ogetbes e diRrold oW }1&&&%%%9- sﬁ%he%%' H%t?c% ard- ¥ 2 :

t hree- st age quenchin system in accordance W th the present invention

20
‘is illust rat:é%l‘?u}ﬁe‘gh}éeﬁ“ﬁﬁé%f, thite SEDFGHAVReBAEYTEr PEWEDS ndi cate the
direction of pebyfidoie: Ablamerithe tempel ddraagghqruencho&yahamf&*é@md v n Fi g. 2,
the system c ' an,out er -cylindri ousing 207 adapted to.25 be ‘
| ocated bel owg}gtp%%?%%érgjfh‘il Ui, 987 i(‘fﬁ(?f"'ilggl toqﬁgﬁglhsgé’ﬁger?aé’s%l y 211
that genédfal | Je@ohpted etnderendantint dypstpelyAngi psesstageechanber 205, and
a second sta@sor 45 208 a8aldkonmed 2R &h@,C§bgB@Htﬁaﬂe1 nner wal |

of the housing. 30 Fist stage chanber 205 is adapted to0 be_ 1l ocCated bel ow

spi nneret 213 and sup‘%l?’é@l’b‘g%lqag tq?'r’(,?ncg'ﬁ [SETERPSs 2588MPAY e ditr012] Her

tenperature_oEikaﬂ,f¢¢mpmﬁHin§Ibﬁe Secowndesbagescharbéer2Biyi @ | ocat ed

?ﬁlr ?\rllveﬁ hﬁoﬁr{a?‘?@é@%%?%&%(@ghgﬁgr Elgi)aﬂg%gtgegéﬁéfg%f/v%%g’sgil:scg)ﬁd?)st age .

chanber 266 ¢t in porlianedddrc &hei Aasstwabkrgef chamblRaudiong. In
all embodiments of the present invention, the
“perforated tube” is a means for distributing gas flow
radially into a stage. A wire-mesh screen, an electro-
etched screen, or a screen assembly comprising of wire

20 mesh screens and perforated tube can be used.
Pressurized cooling gas is blown inwards from first
stage inlet 108 through first stage chamber 105 and
through the cylindrical quench screen assembly 111 into
a zone 112 formed in the interior cylindrical wall of

25 the cylindrical qguench screen assembly 111, below
spinneret 113. A bundle of molten filaments 114, after
being extruded through spinneret holes (not shown),
pass through zone 112 where the filaments 114 begin to
cool. An inmer wall 103 is disposed below the

30 cylindrical quench screen assembly 111 and between the
first stage gas inlet 108 and the second stage gas
inlet 109. A first stage converging section 116 is
formed in the interior of housing 107, and more
specifically in the interior wall of inner wall 103,

35 Dbetween the first stage gas inlet 108 and the second
stage gas inlet 109. The converging section can be
located in any portion of the apparatus of the present
invention; such that it accelerates the air speed. The

11



15 16 Septenber 2003 WD 00/63468 PCT/USOQ 10037 As in Fig. 2, the annul ar
wal I 202, which is attached to cylindrical inner wall 203 o e/ r
portion &{m&k‘ﬁs&i rst stage chanber 205, separates the fi E’gfléiﬁﬂﬁm nmber
205 fromthe second stage chanber 5 206. Additionally in FiQ. a second

annular wall 232 is attached to a second cylindrical inner wall 233 at
the | ower portTENWTIT4He SEETOMRP Fay P nBRbeE PB0CENdowBepheatubet e second

stage chanber 206idvomitdelddizall giagrathgaent 230ThdPeThenf beskhrst age gas
inlet 208 suppl; first stage.chanber. 205, the_second stage
gas inl et 2085’%3%% |e%'§}cglag%m§’%%ﬁs%c%%%t§?% 3 c%%ﬁ%‘@?mé%?lénd the third
stage gas i nl OBOUR fEIo0e s 1132 tdiet t of ridhe sfhgst chaaber 0230heA

cylindricak pepfaiaiiag tye efl £rkd d‘._jlsmﬁ h LE age
conver gi ng segLi{ on lﬁqtl % tg%gfsecor%lstage C aﬁ%g%%&ge %%ﬁ%e?tﬁ
cylindrical perfSratéd dfeé Qe HIPHSE PereEn Birsecsraget age
conver gi ng sectdmrerGnigasec itdn 11d 65t agbond OnveN Oty SEett 08338, The
cool ing gas fl.Q 0 S e. regul.at ed. i ndependent |y by
suppl ying pr @u@%ﬁ’é%%doﬁ’?%%%%ﬁ% 1 h]éIg;&f%l_ t c—_m?rﬁt FFE?‘VQ?( a first
st.age conver giHgas&daroas2 fd 1agemt sc drt4 rernusinonver gemek. i s forned bet ween

the firsti0stage gas imlegll 12008 iakd ther-tdhi-dest s 9oy i gge{ii%ﬁése@ A
second stage o], %er%:g{%gfsectl on 235 with a-straight, tube a e exit of
the conver gi ng SeCt 0N i-&TPor fEGFIS SEET T SKHOePthbe #RE inlet 209

and the bott ometwgen 2be fArsubet2§@® ganprirsiaty 190 LRI ghdosSeshgon 236
then divergi ngseet LaQ 2371eXx4L@ads i.ord .30 stage inlet 231. The
upper end of the%%ug% 219 Fg t'Li%gciate %:nr]ct;{lﬁﬁécflmn cce‘i’lrll SSUTT AR oFPhe
cylindrical ilddedswadPrases. cAntrpddys g icomber gianpsbcitage 236  of
Lengt h L61havichgmderentsancHoft@R et Hb et @dtled Ci'.itﬁﬁetc%[n ¥, is formed
intheinteri(iro\é/@ll y a diverging

section 22 of IcenSfihgfﬁ7%1‘@%?%%3?ESﬁB%%?’ﬁqa%ng}ieipf@Oﬁ!i&r%%ars dt° tHee t ube
219, whi ch exiffdd@sensst heFendeshmphe,t lded ol ¥ heAsdaond e eydaghigent shown
in Fig. 2, fiEﬁﬂEEESazéﬁliﬁa¥§cﬁﬂeinner wall 118 is located below

' the cylindrical perforated tube 117. A second supply

20 of cooling gas is provided from the second Stage supply
inlet 109 by forcing the gas through cylindrical
perforated tube 117. Between the first and second
stage converging sections, 116 and 126 respectively, is
a tubular section 125 formed by the inmer walls of the

25 converging section 116 of entrance diametef D3, exit
diameter D4 and height L2. The tubular section 125 ang
converging section 116 can be formed as a single piece
or formed as separate pieces that are connected -
together, for example by threading.

30 ) The tubular section 125 may be straight as
shown in Fig. 2 or tapered as shown in Fig. 4. The
ratio of diameters D2 to D4 is generally D4/D2<0.75 and
preferably D4/D2<0.5. By use of such a ratio, the
speed of the cooling air can be increased. The second

35 stage cooling gas passes through the second stage
converging section entrance, with diameter D5 created
by the exit of tubular section 125 of the first
converging section 116 and the entrance of spinning

12



-16 16 Septenber 2003 WO 00/ 63468 PCTI USO0/ 10037 tube 219 through the exit

nozzle 223 and are taken up by roll 204. An optional congeighdanhsiie8n or

i i bec | so shown in
t st di ffuser cone 220, as described above, IS a
- Eieg]-“ogaﬁ%i e?ﬁlgodi ments of the apparatus of the present PCASHPAMAET may

hni ' ' [ ' hown in
' fini appljcator 238 and -an interlace jet 239, as s
E! ;O ghC:::J?:ngrﬁs < 3?2;‘)2?‘1?%&?@5@%%@ qi@?@hlSyBsedstoonéfauetﬁO\Aﬂ tg
rol | 204. The rdiat z:oatpmmfftmw@r&hﬂsItﬁaxmegralgoﬂ%ﬁ%{égmt e hea

opierel, 5o baierseestat el A0eloyllt o £0 hE T ace speec
g‘;nflgﬁt irglnal  &he 5pbe h%, Pechapp i astrangenentsol iThe fuppeEnésd 244 byet he
finish appl$ cabpind38gbefios e1 tdeys 1@:&&%@?%& rkﬁl}é Oioljﬁézgf%xa-r%% Qt\é%onand
TPl e BB gy o e e
f?la%ént yarng are wouhdsegomad &fﬁﬁﬂ“ddﬁﬁeréih%rﬁé§$ﬁﬁﬁlSg%fg?@a%§%%€§&;ral
P Couny "op OSSRy (RS, IO g TSIl e
Fati o The USeUBHLtF deite ddds, A i Megdowedeany e iR shmnt ageous
because itlCal | sastiom 1t o 1€eRfHOL,40f al%'&g %@ﬁ%ﬂ%hﬁe&i&%ﬁiﬁm f[ Re
oronen? s e R U A S L b
further 30 i nchueRsl %o wiiedu dia.ss bages: t THe afkibir ﬁ?%QQ:‘iQ.%%lréﬁfstesss%izi e g‘;
00 ool et 808 4eSboRtal BOVE! gt HOTRE S S0 outer
hr o6 st ages, TS PYada 630, 181 hhapel surRecEhepecdd ist agemed05, 506
and 230, 3Bowrthe Wimhd¥awkavepesdt be cHBOEE A GeflaNgl 43V SR Q. fd g 4 1S
different fromdhale Rlaifids 35! QekhPlat Nep38EANG, 51 20¢, 300 1S US
driven at a surface speed of above 500 mpm, and for
polyester, preferably above 3,500 mpm. The average
velocity of the combined first and second stage gases
20 increases in the filament travel direction in the
second stage converging section 126 and then decreases
as the cooling gas moves through the diverging section
127. The second stage cooling gas combines with the
first stage cooling gas in the second stage converging
25 section 126 to assist with filament cooling. Cooling
gas temperature and flow to inlets 108 and 109 may be
controlled independently.
An optional converging screen 120, or diffuser
cone, having perforated walls, may be located at the
30 exit of spinning tube 119. Cooling gas is allowed to
exhaust through the perforated walls of diffuser cone
120, which reduces the exit gas velocity and turbulence
along the filament path. The other figures exemplify
alternative means to exhaust the exit gas, such that
35 there is reduced turbulence. Filaments 114 may leave
the spinning tube 119 through the exit nozzle 123 of
converging screen 120 and from there may be taken up by
a roll 104.
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first exhaust st age 309, i nstead of a second stage gas 17 WD 00/ 63468 16
Sept enber 2003 PCTI USO0/ 10037 inlet 209, as shown in Figi.6 etJMSeﬂﬂﬁﬁPh
v c

systen1g&)mﬁ%gﬁ 4 further conprises a fourth stage chanbepcgfikoomoihy

houses a second exhaust stage 342. The fourth stage chanber 341 is |ocated

bel ow the third stage 5 chapber 330 and is simlar to the second stage 306.
Wiile Fig_ 4 describes® £LbheeiPRctar FangBheimsRsifnst 2 amdd Bexhausts, the
| ocati on and dufiivesd afariileat BAndrFiexhaysi: stagesreanghenvaci-ed to allow for
desired cont . c | n .. 10 Gas e.iLntroduced into the
systemin anyEIcf@é)gg{l]_‘r& d%r?a(r)#éér .%é‘g%gtf‘la??y?a hgﬁfgi ?%’%hS‘éf%nPnl et 308 supplies
gas to the fi#%ﬂeﬂﬁkﬁﬂﬁa:hanber 305, and the second gas inlet 331 supplies
gas to the third stage yachanbers838caddecditet §£§99e€E§Bﬁer further
conprises 15 _a cylindrical quench screen assen%ly 311 having one or nore
parts. The fi Fhaust stage 309 and the second exhaust stage 342
provi de a system exhaudiz f-orritet Sesgadrsbageenfahber 306 and the fourth
stage chanber 341, respecti i i .perforated tube 317 20 is
di sposed bel ow a firstig%nvé¥§#%% é%%%%oﬁg%%%%%ﬁﬁs %%FgﬁPPh%nFF?g?egas
inlet 308, iASEEHEF stage 306. Another cylindrical perforated tube 348 is

- di sposedipbet ween a seg@nd GRIMSHAE S GE bR R3Pnba¥LRL: 8n 1, d end 350
and a third convergi ng _sectiaon 340 AS%§ third§% I?ndrigé e??%%gted t ube

349 is disposed betweli {hd 1T oY TP VRFFHRT | BRCBAON aRabulde 319.

The cool i ng @estiiloowEmg riemosadhiadeadeer in the system of Fig. 4 may al so

be regul at ed i ndependenry,l v hw i | zed ling S, through the
O it e AT s COR R ey

inlets. 30 Gas may be exhausted fro 7 n-any
General I'y, aSf&&dGm &71th RLAMEYLHE nospheric pressure is used. For exanple,

the exhasst can nerel y4r el ersorgdsifd hﬁ@éf@ﬁgﬁneg@c@;;onaﬁgggmeri C
pressure, or can rennv§ gassg¥ uiﬁ&%f a %f vacuum The exhaust™ renpves hot
air, and is used to controlPTIEEAIHY TR ETH iR ¢ AR et rance

Diameter

D6 - Second Stage Converging Section Exit
Diameter

20 _ D7 - Second Stage Diverging Section Exit
Diameter

L5 - Optional Converging Screen Length
Although the apparatus illustrated in Fig. 2 is
a two-stage apparatus, the optional converging screen

25 120 located at the exit of the tube 119 is applicable
to a single-stage, as well as any multi-stage
apparatus. Moreover, the converging sections, 116 and
126, shown in Fig. 2 prior to the exit 6f the tube 119,
as well as the converging (126)/diverging (127)

30 - arrangement in the interior of the tube 119 may be
applicable to any multi-stage device, or to a single
stage device. The invention is not limited to two-
stage devices. Gas can be introduced in 108 and 109,
independently at atmospheric or increased préssure.

35 Also, gas can be forced into gas inlet 109 above
atmospheric pressure allowing gas t6 be sucked into
108. The same or different gases can be added in 108
and 109. '

14



-Fig. 4 could optionally include a converging diverging section, for
exanple, in the last stage, as 18 16 Septenber 2003 V[)OQ/Q§§§§“ber2003

PCT/ US00/ 10037 in Fig. 2. The upper end of the tube 319 is located in the
“interi owomarsiase of the cylindrical inner wall 318. TuberGiSsooayns7
alternatively be a straight tube Iike the exhaust tube shown in Fig. 1. As
in the enbodi ment 5 shg in q ,, Tilaments 314 | eave the tube 319 and
are taken up by roll 38% pﬁléﬁy &ésﬂPeElﬁhnﬁeFagﬂPQNﬁﬁ maheateddated to the
system vi a gaseatedefie1308 andhaaiehyd@aﬁynqaﬂ&e@n@e&ggdbgnatnDspherlc or
pressuri zed Y. an e e u e arranged as_desired, for
exanpl e, alte%%§?$%gPs i8 gsgaenbgg%néﬁPngﬁegﬁ' ENPRIGFPIESOE i ed

t hr ough 308. dgkay see@nhesvegee@hanbgnveoeess,renenoosedgt speedDye a
‘portion ok tk&hémwlﬁﬁﬁeﬁfgn1the first stage chanber 305. The rate of hot

air being renoved may tiv 15 control |l ed by pressure at the first
exhaust stage 309 'anaFo?fg ﬁﬁSééWegFflﬁé e HEVERGWORr eI t he

‘cylindrical piadored eUy'pelbefSﬂzi’ndnapdeotlhld s)ecuaédsmgedds;bmeio@ﬁ

(relative tC)iﬁl jgégv§#e€%f% %Bg eXP&rOExa%hg rngg Jd_%étlgﬁsection

335). After portlon air 1S renove e chanber
306, nore fracH YUt be russdshippl Fedtinuphe ﬁhiamestagernxhanber 330 as

needed. 10 { éndwi RiGgeisharber pddl na. par tbgnogt, Poinair is again
renoved in a. er simlar to he second’ st age chanber 306.

This is done mmnﬁ;??%?? d@%OV%rE%ﬁr?Fﬂe QFaBPF|?§?ﬂﬂi?cw§n%®"by r educi ng
t he tot al quéﬁﬂﬂeﬂrg¢@mt+h2$mesﬂstemt|whené1nhyaaﬂ isi fecdrmuedd whi ch

reduces high t g he_exit of,.t he quench.
50 Fi g 5 S A oan i rar orar ot kst N Rl T rdse ot
Fig. 3 desi g%ﬁélec'f‘soys Cl‘i‘Els’aﬁneFlE'QG)O:‘l se‘ﬂfesf%f @Keﬂﬁeenuﬁielc‘an@w\d:hﬂti h

el enent slﬁot arfeouract |theszaé’ecﬂJ&$¢Jgnﬁ<b@ﬂdbMa eh‘)é41995§§<&'e?§ d ehglgance

nuner al s. fm&lj ? t e sh i n | g rovi des an exhaust
409 for the second s 5%% C ﬁﬁ@$'us Yottt IpoR pP3c BESng' %5 Towr,
several such bundles generally being combined together

for tow processing.
Referring to Fig. 3 a-three—stage quenching

20 system in accordance with the present invention isg
illustrated. In the figures, the single-headed arrows
indicate the direction of gas flow. As in the two~
stage quench system shown in Fig. 2, the system
comprises an outer cylindrical housing 207 adapted to

25 Dbe located below a spinneret 213 and a cylindrical
quench screen assembly 211 that generally comprises one
or more parts. A first stage chamber 205, and a second
stage chamber 206 are each formed in the cylindrical
inner wall of the housing.

30 First stage chamber 205 is adapted to be
located below spinneret 213 and supplies gas to the
filaments 214 to control the temperature of the
filaments 214. Second stage chamber 206 is located
below the first stage chamber 205. The multi-stage

- 35 system of Fig. 3 further comprises a third stage
chamber 230 located below the second stage chamber 206
formed in the cylindrical inner wall of the housing.
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406. The systemof Fig. 5, like the three-stage system of Fig. 3 conprises

two converging sections, 416 and 435, a converging then1 ié[‘/er Q%Oé@ge 419
and an 19 WO 00/ 63468 16 Septenber 2003 PCTIUSOJ 10037 o t'ecPr% rgi ng

i
screen YB9Yf34%e exit. The first gas inlet 408 suppliesGHESYO0He first

stage chanber 405. The second gas inlet 209 is substituted for an exhaust
stage 409, which renofes Gad T -omt Hdesagpidas Yahyelehanteichods A third

st age chanber a¢88chedonpr ic569 ndrSecandngas wALet2dBlad hate SUPRLLES gas to
the third sta hanber, 0. -The cogling gas.flowing in and-out_ of each
stage can be %gﬁﬁ § ed§ %ﬁlgpgﬂ'&-éﬁ't |53a98yC§ﬁBJBF§i%§ coftRHFAGEE FhReough
these inlets. flgsthétéglea@&mm can Beoki kbet becexd ausdgef cligber4. Again,
as in all 3NesbEour aaaskhensaqgl isangah. 5o, dbusidiinorelign, Fag,he vari ed
to give desired sgeed to the gas. So, .a_converging section 1s A6t
required in EPgALE2CPRES tehe £e5eTCaRybindricahi (et wmll 1333 atl ar to
the embodi menthdi Sowesegoiibingof3thegsscoBy Heagatdmdunead 19y thgasystem

~via gas inlet d 1_by any ans_and. may. t nospheric. or

pr esguri zed. 'Srﬁéggﬁﬁg?y tg%d ste%gngxﬁggg? ?ﬁ?’g%?léomgég fl%ﬂ“f etﬂ?'%tﬂﬁb?dl n one
embodi ment of stageprhamber2@3itaventi on fresh quench air is supplied as
normal . e second stage sohanber 14@6kLS g%ggtu%ﬁéei %‘g%ﬁe%?gﬁ%% pgrtion of

the hot air fromthe first stage chanber alrr being
removed may bER&cFFTEFyStEgRt FORMEET by Dr ckRErsecand (REage gaexhalet stage

409 25 and/ or2b9y puppiiesi zhsgtrof thhesétomndasesyofcididercyldhdrisal
perforated tu 217 1.13S| h e S e chanber_ 406 (relative to the
Pﬁe éﬂl%ao% gg?%esgg Eﬁggt PER Sectd%h 4)35t)eh.‘e Atflﬁa}’éa '

fl ow area at the exi cond converqgi
portion of hBt2gfrchampenpdaa-i nAt MEltedoher s tkayd wirdedert s, 28D nor e

fresh quasch asrdispsypal bedokwnchBerihi¢ ds SR oA ey 430 @sopeeded. |t

shoul d be app?igni to thgge skilled |nm%g§ art_ that "variations of the

present i nvenftontfay BeSCRRAE RiFEHGUE RF 14y f PRRHERE scope of the

~invention. cylindrical perforated tube 248 is disposed between a
sgcond stage converging section 235 and a third stage
converging section 236. The cooling gas flowing to

20 each stage can be regulated independently by supplying
pressurized cooling gas through these inlets.

In Fig. 3, a first stage converging section 216
with continuous convergence is formed between the first
stage gas inlet 208 and the third stage gas inlet 231.

25 A second stage converging section 235 with a straight
tube at the exit of the converging section is formed
between the second stage gas inlet 209 and the bottom
wall 201. A tube 219 comprising a converging section
236 then diverging section 227 extends from the third

30 stage inlet 231. The upper end of the tube 219 is
located in the interior surface of the cylindrical
inner wall 218. A third stage converging section 236
of Length L6 having an entrance diameter D5 ‘an exit
diameter D6’ is formed in the interior wall of the tube

35 218, and is followed by a diverging section 22 of
length L7, also formed in the interior wall of the tube
219, which extends to the end of the tube 219. As in
the embodiment shown in Fig. 2, filaments 214 leave the
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-35 For exanple, in Fig. 6 there is illustrated one such variation to the
apparatus of Fig. 2 in which elements |ike those of Fig.4gk t&nﬁl&s%()@@at ed
by the sane 100 series reference nunerals, and where el emené'?; not found 20
" 16 Sept ¥fhel6336803 WO 00/ 63468 PCTI USO0/ 10037 in Fig. 2 arreTdenogoasrzed by
new 500 series reference nunerals. In Fig. 6, an appropriate |evel of
vacuumis apphbed2dA theoughstlle otivptozsiad AaAMeeridige Sedeen w20 via a
vacuum box . 58{,. yFhis¥acuugy f grd A1y e |ateral exit of the
gas, thereby %1 nimzing the g@oé %%ﬁv%%%%%1%£§%%§%s%ci ated gas
turbul ence i nPERECEBERDI PRRAWFF kil iisemTronmaAiin Box desxiriegd opt i onal |y
conprise an oabooaal ipeafesaskswpliat er{ot3 shown) positioned at the exit of
the 10 conrvergi ng scr 12 nd proxiate a vacuum or suction outlet 547.
The perfo;%ati ons all ogv%?h%“'%g 11{1%&5“?% SHRAIGEYS oF e derasert a
further variatfbAngionheay appse atnslugde B ¢ ind shwiappldlcensnt 238 kend hose of
9. (2,15, dosananedrbice Mesarm 10 Saides EChaLENGe NUTBAlS, and W th

)

‘el enent s not.ﬁ]?und in Fi esi gnate new “600 ‘seriés re esrence

2 d
nunerals. In s BhboHi 1ng Hhe sHaneiaiSYSHSPsr §ORG igtieestPwiRcd s
Ire|tol ach by ?rsll_azgm_t viehé tafie M,péié&iliscgiilam@gltgogmeqﬁ% Qrt?éillfw tZg
atera S i X . Figs. .8 an i | Tustrate other
enbodi ma%’?s o?aaﬁhgr%égg%lﬁ?%%e@rﬁq%gﬁre gglon,%%ﬁeﬁrt ﬁé’??%Fi%u  I'Qhlenent s
| i ke those of2(t gisothe esafesiafhdthed syrfielre speed 2@0ther ired Ir &for,ence

numEral's, buteid Repeds 190125 BRRIES S ¢he GRERARUIET kg o 0. 3 Shove a tvo

stage: quench_system havjn first stage converging section %nd a
second stage %%%\’/%?ﬁcﬁbajs'e% %ﬁuf%%m&ﬁd 2 aE’E?ll\}Sg 8PvEhg seldidece 727 that
facilitates thiclamente 214y ofhe fdndash exblingtbe wBBhercaR abjaypt change
of 30 dijectidh-Hhenstrghfgial | tube of a diameter D8, which is
preferably at least two tinmes larger than D6, allows the bal ance of the

gas streamto flow dopferdeentiqn aanligsi 60l parTheldvmeyisnsede provi ded
an varn (PQOY), highly oriented yarn (HOY), and fully drawn

yvyarn (FDY) filament yarn processes. In POY and HOY
processes, filament yarns are wound up at essentially

20 the same speed as withdrawal speed. In FDY ﬁrocess, the
yarn are mechanically drawn after withdrawal, and wound
up at close to X times withdrawal speed, where X is the
draw ratio.

The use of three stages, as in Fig. 3, can be

25 advantageous because it allows for better control of
the gas and more flexibility in cooling.

Fig. 4 shows a multi-stage quench system in
accordance with the present invention. The system of
Fig.4 is similar to that of Fig. 2, but further

30 includes two exhaust stages. The multi-stage quench
system of Fig. 4, like the three-stage quench system of
Fig. 3, comprises an outer cylindrical housing 307
adapted to be located below a spinneret 313 havihg
three stages, 305, 306, and 330, similar to the three

35 stages, 205, 206, and 230, shown in Fig.3. However the
modified quench system of Fig. 4 is'different from that
of Fig. 3 in that the second stage 306 is used as a
first exhaust stage 309, instead of a second stage gas
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optional converging screen 120 having an exit.nozzle 35 12. 3, mherein t he
gas stream woul d fl ow downward through the optional conxggﬁ. E 120
ha

and exi 123. In Fig. 9, the apparatus is the sa Fig.
8, 21 V\Bcg@%é%ﬁ% 16 Septenmber 2003 PCT/ USOQ 10037 excep op?l onal

conver gi ng scrggRr13@qi s;Le ng.sreplace erforat ed tube 720 as
in Fig. 7. The g%ﬁf %gurat %O%Ys%g’ﬂ Iﬁl g‘é 3a dﬁh% so%ffect as
that of the c&Afigér Aurbhesf cmn@rls@sza ifomrth fm;ag‘ajrdﬂmmbefzacsfil,tate t he

lateral exit ehithehgasestBesebyntl RxHAI S dam£xityeloeity and  the

aSSOCIated gas turbu e spin-line. direction, e conce s shown
in Figs. 6- %ﬁﬂg?FygﬁilFs g Q%ﬂ%ﬁé#ﬁ%é@iﬁﬂtﬂtagﬁeor nore 10

gas inlet 55 anuamIpEroBlaDI gzndnesosmﬁrlarexlmalt&ié sdochd Blddd wijg.ates a

furth h I t ke t hose of
Ho 5 tesi glashechiblite Q00GERLES & SPeds che WrehnBchlEl 1 diviqnk o

el enent s not %@nﬁxhﬁuﬁ-@ vheedpgastion l@yldn@wni@rsm wheesauﬂerence

nurer al s. Theekhyest | ©fagses SEMNbel Halii@d 10 GAMRY $6% Hﬂ%l 39

. tapered conve%gn&g se tll_?n 816, .for accelerating the air, a conver gi ng
di vergi ng sectTon Ph Chbe 81929 PIoF3S portion of the di verg| ng section
827 is pefforated to raass omay per fhomoPficetl dasct (tl@(fsmterrwllﬂ %I@(pandl ng
and achi evi ngggg dQr aﬁﬁéfct | | 1. illustrates a
further variation of IItlhe Zcf"%t%ﬁgggwl’: @hg Qirs@ i Fi%e those of

Fig. 2 desigRaRHEY 932 fs%nfeha_oélé'éﬁ é§ag@f §héﬁbérnaﬁ§r.ala9625hand Wit h
el enents not é@mmdilglad:lmlé?t d£§1 ggabgsﬂleg B8Y t80Pheethesqr gfcgggnce

numeral s. Fig., Skl e apparatus in accordance
with the prese |nven |on ‘%H@lg?ﬂ §39ﬁ|8§awﬁsr Eﬁﬁéhe§p58W§F&§eﬁs
simlar té t atcwkimyical Cbmnctiassaréénsaagémbgﬁsnml haviAgf bhet ogt age
chamber 105 afska psacond age £hanbena 106 areqeashof ohaeduln Lhe 3

cylindrical inner e housin age Cha
adapted to be® ’a@dﬁted“b"@eov@%? R e %ta SYStem exhaust for the
second stage chamber 306 and the fourth stage chamber

341, respectively. A cylindrical perforated tube 317
20 1is disposed below a first converging section 316 and
below the first gas inlet 308, in second stage 306.
Another cylindrical perforated tube 348 is disposed
between a second converging section 335 having a
tapered end 350 and a third converging section 340. &
25 third cylindrical perforated tube 349 is disposed
between the third converging section 340 and tube 319.
The cooling gas flowing to each chamber in the system
of Fig. 4 may also be regulated independently by
supplying pressurized cooling gas through the inlets.
30 Gas may be exhausted from the system in any
desired manner. Generally, a vacuum or
natural/atmospheric pressure is used. For example, the
exhaust can merely release gas to the atmosphere at
atmospheric pressure, or can remove gas by use of a
35 vacuum. The exhaust removes hot air, and is used to
control the cooling rate of the filéments.
Fig. 4 could opticnally include a converging
diverging section, for example, in the last stage, as
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-113. Second stage chanber 106 is |ocated between the 35 first stage chanber

105 and tube 119. A perforated annular wall 902, which ig tSheSohe
cylindrical inner wall 103 at the |lower portion of the first stage
' chanber MOYW634harates the first stage chanber 105 from 2PCTSOONE3468 . 16

l'ied
200 T/ US00/.10037_t he second stage chamber 106. Gas supp
\??gt :nbgtracondﬁ%tfglg%' glgésa's i it et EB8T sEPPI PEstiastibet hb9 sbeohdcasedgin chanber

i ] fi1st stage

106 that fl ovishe hiigshiathesyef doe ad Bdt hanoyl aranekh1 9920t LAE 116

Thines 9as, SHopl) th econd stage gas inlet
gggg})ie:aslggé t t’hBeIE%i | ament s #ﬁg%%{;%f¥ﬁlgef?$§€r%ﬁ s @fgﬁdg%]f%g“é"%hanber.
Fig. 12 illustFiesd &4pg ishown & Fie hppaﬁ‘ifatmeshe}‘erﬁlnqilrﬁerﬂfl? gl géng,
200 and 300 a1 6ar 6l o ense s feef S A D AR g
S and Fi g 4 s L e S Tk GOV SO | 8 rerererE T al . Fi g, 12 -
shows a four Stﬁiogmﬂm{é?imﬁtEﬁ?;dMQ?gmﬁ?%?% g%'éi/(ranit Ino'?he15
"The first st 0lgS 29RE mshler g | ,
second stageag%arrber 1106, whll c% act’s as an asplr?aa?'f gtFe g Id&s fl ow

into and t hPSUEN SCRETEERSE stlaife simsly e sdo rmikisnumse mas Henl et 1108 gas
suppl y i $0superangespher desikiegh, 2} Qg@_z@dérea,t I%%T{]aﬁgﬁé'?eln the first

[ ' 1 S as _an aspir.ator, _ _
(atrospheri oppedipebb Braes ffdh 20 ' Sunt iath ddwiougioa 06 pr ovi ded
for the thi r??h§t f§€cBRafbage TIBmMberhdd & Hes tdtiard wsicape o hamere 4130 is

' ) IR ' d stage
d to 25 rpaRYeod BErthenhek tHhe nfichd rapdhe fl st ang second
gﬁgnbe(r)s 1105 gﬁgo égG 1'Ilhe r%a e of hot tgﬁ r fg'elsilég} FEITOV 5‘ _rbe actively
control led by pr eil Gr £35€ Phe PO¥h&d<t beiage rEroYeshaiayr bey agtapely si zi ng

of the flow gpetirollefiebyybirpdsiveal aguemneh £3@s¥Cle@masseralby 3441 and/or

1 ' -yurther dntrodquced into the systemvia gas
Tnlet 1131 [ {urth SrOBE oRAMMER i et bnaebHartc b

cy 1ndr1ca1tperforated tube 317 inside the second stage
chamber 306 (relgtive to the flow area at the exit of
the second converging section 335). After a portion of

20 hot air is removed in the second stage chamber 306,—
more fresh quench air is supplied in the third stage
chamber 330 as needed.

' In the fourth stage chamber 341, a portion of
hot air is again removed in a manner similar to that of

25 the second stage chamber 306. This is donie mainly to
improve thread-line stability/uniformity by reducing
the total quench airflow in the direction of thread-
line travel-which reduces high turbulence and large—'
scale jetting at the exit of the qguench. .

30 Fig. 5 shows another embodiment of Fig. 3, with
elements like those of Fig. 3 designated by the same
200 series reference numerals and with elements not
found in Fig. 3 designated by new 400 series reference
numerals. The multi-stage system, shown in Fig. 5,

35 provides an exhaust 409 for the second stage chamber
406. The system of Fig. 5, like the three-stage system
of Fig. 3 comprises two converging sections, 416 and
435, a converging then diverging tube 419 and an
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super at nospheric pressure. Fig. 13 illustrates a further variation of the

35 apparatus of Fig. 4, with elenents |like those of Fig. desi gn by
the sane 300 series reference nunerals and with elenentéﬂ%%?ﬁ?wgﬁgﬁﬁ% Fig_

4 desi gMeR BU6HE8 new 1200 series reference numerals. . The FGNVEMYI8%7as shown
23 WD 00/ 63468 16 Septenber 2003 PCTIUSOO 10037 in Fig. 13 conprises a

. tube 1219 havidRyi®reoh\ryierginecsforen 20 atd thesexakght Thecfiastl227 at
the quench exds ithediaetapanted el h oferhesskrakght seqLign, 1227 of

t he tube can be size t(%éNOVI e optimal back 5 pressure For controlling

the amount of %% bef Y FPF IR 100 25 Sth§bitubAgefoB4an
Simlarly, thedeoostergiage 69, orhidBGamvdie gakz Edoinot REO¥EEBnGbr aci ng

and stability h f rraundi he filaments.. 10 Fig. 13, an

annul ar war | g?&%ﬁ%¢?§?1%1 hcﬁgg%%g%%fﬁﬁﬁgrF%%Fb?ﬁnéﬁemalI 303 at the

| ower porti ofFFPTUFEST |3 teannydahaiiat 363, thepasarediehegasi Lot stage

chanber 305 from e 182 G S Iaffushander. 86 céoiifxét%sgnf%\%#l&t ﬁeCt lon
e

1216 having a.tapered 15 or continuous convergence at . the _exit o
~ conver gi ng sé@&FEQWQ¥W(ﬂﬁﬁ§f4hﬂﬁﬁﬁﬁ?19%? Pﬁrg?gﬁ}ﬂéﬁgt1§@ﬁ@§n§egtlﬁnd
anrrlgg3malItﬁ@Sfu&pﬁyﬁﬂgigmuﬂiﬂgw%if t&&%ughathasheﬁnletgylBgdricalri?ner
wa e | owner rghgﬂ 9% c g r gparates
t he 20 sé@%nd st age chanber r%nnté%%’%%i%gkgtgag %%gﬁﬁgg OES%} A second
conver gi ng sedti oAgRITs a5 figy med W& Wdenrese sheohdcgasonnpEttBel and
bottom wal | 3@kverfitly sécai aaivald v343eabbCchilte Absarbedshoea
cylindrical inner._ wall 344A§%ithe | ower Eprtlon of the 25 third stage

chanber 330, $&p&P&t 88%he A1t d BV rhBTHERCEEPP f + DR Pher e@RF ¥Rt age
chanber 341. - iTh&igon&eptdhushalre itubde gan Be- al8tappdlyt eculadly wel |l to one

or nore sfage quench YA e V&K&y’éd‘%ﬂﬁgngrd' L8s985 iR £ nd

optionally one or nore 30 exhausts. gl'e stage can |pclu%§Lo é or nnré
gas inlets or 98ReM8¥ K& NGEOMAGRLdCs the BYEBABI Vihd i S oinlets 408

and 431 by any means and may be atmospheric or

pressurized. The supply and the exhaust may also be
alternating. In one embediment of the present

20 invention fresh quench air is supplied as normal. The
second stage chamber 406 is then used to remove a
portion of the hot air from the first stage chamber
405. The rate of hot air being removed may be actively
controlled by pressure at the first exhaust stage 409

25 and/or by proper sizing of the flow area of the
cylindrical perforated tube 217 inside the second stage
chamber 406 (relative to the flow area at the exit of
the second converging section 435). After a portion of
hot air is removed in the second stage chamber 406,

30 more fresh quench air is supplied in the third stage
chamber 430 as needed.
_ It should be apparent to those skilled in the
art that variations of the present invention may be
made without departing from the scope of the invention.

35 For example, in Fig. 6 there is illustrated one such
variation to the apparatus of Fig. 2 in which elements
like those of Fig. 2 are designated by the same 100
series reference numerals, and where elemcuts not found
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-at | east one exhaust and at least one inlet. In addition, the invention is
not limted to circular and cylindrical geonetry. For exgrggl %mggpgoggench
screen, 35. perforated tube, convergence and dlvergence sectlons can be

" rect angWD0/6d680oval in cross-section, if the spinneret RETAUSHEINO}7 array
has a rectangul ar or odd- shape cross-section. 24 WO 00/63468 16 Septenber
2003 PCT/ USG& 0037 «?rh@r@@@mnamm oew S0Aokelipkt edfe@emcequenchi ng

system that SuikOeHS. a £ MEY) arg ardiiy EIE@ RLScPULFCE applied
r%re br oadl y, ., to ot her™ a pr opr| g?;r quénc i ng sys%’e Qcﬁ lr?troduce
the 5 cool i nd® 56%381 R A Qf CBtfrgategoBrPEYiBg SEreehl y extruded

mol ten fil amel®ts vi‘aaazmﬁnhlelmyx 6521$.pl Plﬁe_]sseﬁracﬁﬁﬁ aheYRegescCr | DH)OH and
the foll owi n st.er fi nt _pre i on. wever,
| W gféglvﬁscag% con i ne &l&eglfek?ﬁ gaﬁen{:ﬁerﬁ

10 the invention IS no ¥ may be applled
to ot her nel MUigHiTHRIS P ;gmﬁxm wellodilhy, a.pdl ybee&snsciargd, gas

_pol ypropyl en&xﬁflﬂ;léﬁ&é'ei:mﬂr@%pﬂﬁ%ﬁ@ wAeksci Rl Ud@h&"@&&ﬁﬂﬁrﬁ m xed

pol yrmers, bl s, and chaln- ranched yners, .Just as exanples

Al'so the ter ¥ ThefPsP Cé’é‘\?éﬂ-?@aWy?péhﬂn@%e%eﬁ@?rﬁéééssar| ly
excl ude cut r.fhaltas(r(aﬁts%mwraf gasdd ibaedsast anéeéx?alého%ug@ tsynt hetic
ol ynmer s gre QpReS ERaY, ni_tisa orm of continuous
Bolznerl%gfllanentsjgg 3% Eﬁq2?03%gl%kéx%ﬁaféxgrYﬁﬁﬁﬁm FheS¥pE&8%0f the
filanments w Uty on 'ﬁ/ R%Ifmﬁlggédalbw the Javeneieritapparat us
can be used aﬁm@tg_lg,er speeds than the conventional systens. 25 EXAMPLES

The i nvention w || be |ified b the followipg non-limting
exanmpl es. The convenﬁ%{\:{é%al'7e %QEFﬁFE&ﬁén FHﬁt%?EtEﬂ¥h LEPR.©f B8 used as a

radial quenéppegrttusl othdtigi.naf.t erithebtemedt$ ol Hee "RR GO £ 0Fig302A. The
fibers produerd ighadits eXATHLSME" ¢06NBLATLET LEPL QY- LRASKHLL DY  certain

~ properties.
prop and with elements not found in Fig. 2 designated by new

600 series reference numerals. In this embodiment, the
optional converging screen 120 is replaced by a
straight wall tube 645, which is perforated to allow

20 lateral gas to exit via a vacuum box 621.

Figs. 8 and 9 illustrate other embodiments of
the present invention. Again, in these Figures,
elements like those of Fig. 2 are designated by the
same 100 series reference numerals, but with new 700

25 series reference numerals. Fig. 8 shows a two stage
quench system having a first stage converging section
116 and a second stage converging section 126 and.a
curved diverging piece 727 that facilitates the gentle
turn of the gas exiting D6 without an abrupt change of

30 direction. The straight wall tube of a diameter DS,
which is preferably at least two times larger than D6,
allows the balance of the gas stream to flow downwards
and exit quietly. There may also be provided an
optional converging screen 120 having an exit nozzle

35 123, wherein the gas stream would flow downward through
the optional converging screen 120 and exit nozzle 123.
In Fig. 9, the apparatus is the same as that in Fig. 8,
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Most of the fiber properties are conventional tensile and shrinkage

properties, measured conventionally, as described in U § §> temBQrs 0%5
4, 687, 618 oflasfsdl, 003, 5, 141,700, 5,034,182, and 5,824, 24§CT @5,5—:?03 pread
(DS) is a nmeasure of the along- end unevenness of a yarn by calculating the

variation. 25 468 16 .Septenber 2003 PCTI USO0/.10037 i n mass
measur ed at reeg%e%(ry ﬁ:%iar 8% P §ETHETRE SEehferlstr iaprereyeds

reasured by rmd meplaaedt byoeagperd cosaad toubs| D20 adi b Fesponds to the
I nst ant aneous nBaSS i'&?ﬂe*“’cog{ﬂtgurgtfiéﬁétofaﬂ gig ~e|§"cttl£ gi ally 5
S

divided into eight 30 in _subsections wth neasurenents” ‘every 0.5 in.
Di fferences bé‘\%@%%e%ﬁFﬁuﬂsaﬁ@athﬁ e reet ieyskeoeneE Righi n each
of the ei gBtf Sulisect,i m&yarfafr];@ﬂ@ﬁ;ag@tdiﬂik@%@g&m Oﬁd{;}@@gliéxigcggded Ias a
per cent age o i verage difference divide 10 the average nmass al ong
Phe ol o 240 T8 SFtvneTSEeRy nEBERIENG U Gln Rt Db G PRS0/ VA
(Automatic Cihe as¢opdirghADgase cuvhnilarian iAo cgss spin- niste ument

avai | abl e fromikeasiiog. Teehni konkeRtisnEhAdstid a1 Ay 4860. The Draw
Tensi on (DT), ilnggréi ns, _was nggsug%g %alﬁ a rﬂa\?glrge%'i (‘;68(%{‘) 811_4131_3“ mes, and at
a heater te d¥eW6i11808 BUePFRwARRRIAHISes ustida®ne mraswee of

orientatibd. BeawindeskpnafdyopeisBaluredran o e 408 Xaws Tension’

I nstrunent, al so avali | e . fyr Lem ng Techni k. The Tenpacit Ten) is

neasured in grams per lpgr%d 1Ee)l g%géggﬁ%ﬁf) gal' sflf%%or ﬂ‘?é@zlaaqleo%%guf('gﬂ

according to 2mBFENVRORE56LUEBLag 4. 19ith @%mery lghegeHaswgtdr sebpl 2 at

65% RH and 70adeggnasel by athaNs§hendaly Yo ile ﬁjﬁr%%c@o%@ﬁéﬂé‘d CFM was
e acture

measured in inc es_%&‘_wgter. An Uster Tester 3 M .manu by
Zel | weger Ust 8PCAETER 86FBENESt BPT Sorlfhy fd Snas (66d9naS-afbdaireew he
control ahd té&80 parneElfdferenequhametrinls. The invention as shown

in Fig. 10 comprises two stages, a tapered converging

section 816, for accelerating the air, and a comverging
diverging section in tube 819. _All or a portion of the
diverging section 827 is perforated to allow a portion
20 of gas to exhaust while expanding and achieving similar
effects as shown in Figs. 6-9.
Fig. 11 illustrates a further variation of the
apparatus of Fig. 2, with elements like those of Fig. 2
designated by the same 100 series reference numerals
25 and with elements not found in Fig. 2 designated by new
900 series reference numerals. Fig. 11 shows a single
‘inlet two stage apparatus in accordance with the
present invention. The single inlet two stage -
apparatus is similar to that of Fig. 2, but has a
30 single gas inlet. A first stage chamber 105 and a
second stage chamber 106 are each formed in the
‘cylindrical inner wall of the housing 107. First stage
chamber 105 is adapted to be located below a spinneret
113. Second stage chamber 106 is located between the
35 first stage chamber 105 and tube 119. A petforated
annular wall 902, which is attached to ¢cylindrical
inner wall 103 at the lower portion of the first stage
chamber 105, separates the first stage chamber 105 from
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-30 of mass. The nunber in percent indicates the anbunt of mass deviation
fromthe mean mass of the tested sanple and is a, strong1breipthidr 2@bat he
overall material uniformty. Testing was done following the ASTM thhod b
11425, AMOWEAFE tested were run at 200 35 yds./min. for PLTHEUSAYA0REs. The.
tester's Rotofil tw ster unit was set to provide Stwist in the yarns and
its pressure ®he sdfasfedtage gebamheropOBEnuncho supbplidd7+34, al70- 34 and

115- 100 POYs e 6 p 0 0 3

PCTI US00/ 1003%% B SPees d9%st ég é @g ggggﬁge% ‘?’gswﬁf 8{“% %%% FESsure  was
al so used for St88¢i RgeTRer 1906 SQhFIDYféPUéu§¥l§0uE7§(AWPEED$r§OAaJ;Eﬂ denier, 34
round cross-seaahudarfwvhanens? &d2€h§4f19§ty§§§Eé ¥BERADWRS 19BUN ﬁ@g@]poly

hyl ht h] d bed
her of nber o o R0 PLPRLEFAL B PR BhoasCcli) Rh-gHeeRR] ABAFtappar at us

paraneters |i StpHlias TadsetdOtlle béidamenvspinduocehyahe Ghese pndperties are

also given igedahhesdagEi fsdmséAge quench air is supplied (50 CFM 23
1/sec) through a quench screen_assenbly 111, having an internal dianeter

D, bel ow which is theFi%ir? %Jr%\‘ééti‘f@ﬁ@ér 8i Ngrs@EiPBnosf thet rance di anet er
D2 15 and hei ghpatdtudes ubfilRigsestang £25.f of medthyelb@enkBnerxeal | s Of

th t 6 t d t di t
and | engtioL 2295 SO n e i i e s aEEa by e ngetier 2Phe CF
20.5 | /sec.) #8d p3@)Q'|%i%ﬁm%rm@tr@ydrenmmeaalszoa@@rwmhtedlemahe:slmatand

conbi nes WIthfé@.ﬁaﬁﬁ&h@atgean@fléupﬁlaeéigﬁ%e& bl es gdpgmeter DS5) of
t he second sta e co%ﬁ%ﬁ%ﬂé%sectlon 126._The second stage converging
section 126 h§§ B tT M hRd EoFvet §ehieWs ehgfAUE3SEAES s

positioned atapberamis am:eacittbmia;s@e maitly tibepAdSenThent-eweroporti on of

the spi Ry ngptdbe; Q&é’%g@qé Odgf el DZhé"{%ﬁ%%' ength L4 and is

fitted wth a per orated € ser coné F ht L5. For al
exanmpl es and 2erE+Iratiperalnph! i thel second steomdchamger psip6r at ed

which acts as an aspirator, induces gas flow into and
thrpugh the first stage 1105. The second étage gas
inlet 1108 gas supply is superatmospheric. High,
20 accelerating air speed in the first converging section
1116 acts as an aspirator, pulling ambient
(atmospheric) gas from the first stage 1105. An
exhaust 1109 is provided for the third stage chamber
1130. Thus the third stage chamber 1130 is used to
25 remove a portion of the hot air from the first and
second stage chambers 1105 and 1106. The rate of hot
air being removed may be actively controlled by
pressure at the exhaust stage 1109 and/or by proper
sizing of the flow area of the cylindrical quench
30 screen assemwbly llll-and/or perforated tube 1117. Gas
is further introduced into the system via gas inlet
- 1131 in fourth stage chamber 1141, at atmospheric or
superatmospheric pressure.
Fig. 13 illustrates a further variation of the
35 apparatus of Fig. 4, with elements like those of Fig. 4
designated by the same 300 series réference numerals
and with elements not found in Fig. 4 designated by new
1200 series reference numerals. The invention as shown
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30 tube length 117 is 1.875 in. The apparatus according to the invention

of Exarrple 1w I! herei nafter be rgferred to as " Enbodi séhtembRENRE N
spun wi 00 diment A was at a wi thdrawal speed of 3,9 10039" .
conpari son, ontrol yarn was al so spun 35 fromthe sanme o yrrér using the
guench system descri beg earlier and illustrated with reference to Fig. 1,
the relevant *Prbt8sslAndCFRILFESNG FHOS profehareBd a7 ecameeraigimwn f or

conpari son i ns@abienl112Jbeananar skrpaght2 6eWOiBA/ 63468 d 6r1nephaahaer 2003
PCTI USOO 1003 oc I S nventional "radia uench! design where
cooling air e%(}lc?é'tﬁgﬁ%u%ﬁ%ﬁégefh%lggﬁegﬁt xﬁ&ut?gtﬁ'b"éal B \FEdl R anet er
is si'mlar tol2hé df aeeectubbe chr bgueickdstrepnousdendbyidal thaakigh whi ch

cool i ng akr iﬁrés&!zh@é"f@f‘-cﬂi‘@r@ﬁ!@@ﬁa_e'i:hgaéméﬁﬁelBﬁgaﬂttljb]é-?glCFM (19.5
1/sec.) of coolin i r anlcli thelﬁéarn W t hdr awal speed was 3,100 npm This
exanpl e denonSTFA ‘°e§ thathei FIWERE Spees chambse 4br ea3Hilarihe apparatus

of the presenthd(comvenging, sandiyar 1266 canpbeabl god upe rpvieoperti es
are achi eved, I e . approximat e value of. the denier spread.
bPSela S Tt IV PR BN TR e ting e

Thi s exanpl e al nonstrates an resent
pneunati c spi Bhl#EIESwention, e.g. that one can spin at higher speeds (and

15 produghi Vi ties) progdueigy 15¢ BaMBnatiBet gl Pseslclng ol fzpne attempted
to operate atahl %EFF speeds .s%%.s,foo r’er and above, w thout the benefit
of pneumatic ';stpE? %fot%lﬁ e lwoiRarpealt 118t &t Wi lawesr eby,
unaccept abl e.pdiheiat avf tEnsi Dirswustdabe bhghband30he by dOWhd-or
- exanple, if fgy, Bxaml lck%ﬁﬁ: u h r.ql testéha%gthout
pneumatic) at_ 3,900 "pg% the %\ga%/vg?eﬁl\sﬂ&gn{;#\%ug%gﬁieﬁocf%ea\? &Y about 140
ms (see coliffr & fi%Rls converging sechiernt2No. hasiiRpa 2a®prekor oy
g . . - .
pol yest e15PO¥s; ddift iGrasms ensheer#onoeagt | €8 | ¥x W AGHRS IZRR g narn. | f
the draw tensjqns ofit\grp saegfl es_are thlje1 SRIE, th}g{l the %b, _fenacity and
ot her propert1es W1 ITHe WGt PREvSEhetRogh1rst exhaust stage 309
and anmular wall 343. Another amnular wall 332,
attached to c¢ylindrical inner wall 333 at the lower
portion of the second stage chamber 306, separates the
20 second stage chamber 306 from the third stage chamber
330. A second converging section 1235 is formed
between the second gas inlet 331 and bottom wall 301.
A third annular wall 343, which is attached to
cylindrical inner wall 344 at the lower portion of the
25 third stage chamber 330, separates the third stage
chamber 330 from the fourth stage chamber 341.
The concepts shown in Figs. 6 - 13 apply
equally well to one or more stage quench apparatuses,
with one or more gas inlets, and optionally one or more
30 exhausts. A single stage can include one or more gas
inlets or one or more gas exhausts or a combination of
at least one exhaust and at least one inlet. In
addition, the invention is not limited to circular and
cylindrical geometry. For example, the quernch screen,
35. perforated tube, convergence and divergence sections
can be rectangular or oval in cross;section, if the
spinneret (filament) array has a rectangular or odd--
shape cross-section.
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-16 Septenber 2003 WO 00/63468 04 r-E O 1li 41 O ULn NNif CV[*1 W
d' anH Ln .kO - LnLnLnVOOm Wo N OmO . . . a Hrigkidpideddd hhAd1m o
MininLn U ri NL- LnLn f*) d<cLbn mv ri COmHTIr-) ri ri NLOW(N
"Cl1 - LOVeOPa8En Ln LON -ter a*rl VJ ri dl fn Ln a LnPCUUS@/1083Y a) a)
N a xAq (b aA 041 01 m-d 1-dlU Wa) Ua E a) a~4 EE)4IOAau X 44)
U-,101-Hu ~~a A H a)The prAshhna, intendidh-1d nex 44nEted 8k mi, Oa 0

-Hu-a a) 4) agudhdhihd s?é&%é;s%%éﬁkékfggéﬁéyaf%@kg%l%;'5%;6§'%@aé HLiﬂ
Z3).ci b) fl iz’u UO.~M}~ ~Ea riz:or, t™s : r
r( 2 0) -0 4J fiqm%§t%)bup can be applied more broadly, e.g., to
: other appropriate quenching systems that introduce the
5 cooling gas to an appropriately configured array of
freshly extruded molten filaments in a zone below a
spinneret .
The above description and the following gives
details of polyester filament preparation. However,
10 the invention is not confined to polyester filaments,
but may be applied to other melt-spinnable polymers,
including, polyolefins, e.g., polypropylene and
polyethylene. The polymers include copolymers, mixed
polymers, blends, and chain-branched polymers, just as
15 a few examples. Also the term filament is used
generically, and does not necessarily exclude cut
fibers (often referred to as staple), although
synthetic polymers are generally prepared initiglly in
the form of continuous polymeric filaments as they are
20 melt-spun (extruded). The speed of the filaments will
depend on the polymer used. But the invention
apparatus can be used at higher speeds than the
conventional systems. '

25 EXAMPLES

The invention will now be exemplified by the
following non-limiting examples. The conventional
radial guenching system of Fig. 1 was used as a radial
quench control, hereinafter referred to as “RQ Control

30 A*. The fibers.produced in the examples were
characterized by measuring certain properties.

Most of the fiber properties are conventional
tensile and shrinkage properties, measured
conventionally, as described in U.S. Pat. Nos.

35 4,687,610, 4,691,003, 5,141,700, 5,034,182, and
5,824,248. '

Denier Spread (DS) is a measure of the along-

end unevenness of a yarn by calculating the variation
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ri (u-H-dgMa) WH 0GIl-s xtrl tY) 4 x AAa) Ntn wLrl WN WO)

~14~i a)wa)r.Q >WEAA90> t4 0, 1 O=5 :j OO -rL UH U4 3UE; %gugg
121Mto_a)4 a)a)d4)a)wa) 4-i 41 rnMO tnro b] C710)tn0) é t4
LLi LLi “&04/%)4ggLLi CLi (dLLi E) 0::10:~4J 4-3 4.1 00 J’“’?J L0 4]

43 43 00 O r-: Mcncncnecnl4WCOc,cnrncn .3 0X:3 XC. @Pc Wnmm ¢ O O W
O Wri ri N NipP1Tgfspegsunedy aF 2SURS nE GHEF e L Rull Bt 126) varn. :

PCT/ USQQO 1003%ehibr #4rDhd¥zey N H dadsdifdg Ny d.rltulﬂ'i'lﬂ% SyQ:["h Qhr%gﬁ} -
1..L .41 Olqgr WO.00/6346 %é@gFL 2 16 Septenber. 20 PCT/ US 10037 A
second 127- 34%pbRPRSHE?T Rr®- FHRRMGS 1R el BEeAehaB§SHEM as

Exanpl e 1 excwmpest hatthdesYotst rEhghtedtulmamgilent s antectiambtel 13 and exit

di t [ nyerging cones,
 aper e Thevaaed BRIGEIS o SmAEeaRRnt, MR dfea SOPVREAERD POTre
section taper §VEEY @ ki tDh tarangespbesiwery She draxiingh amdel erat es t he

10 first stagminoehnh hgamddEotgleddie WHAMEe! Bakh SEELE1R8 eign@ hi gher
o CEage Vel (b8t 0l A G " Hhe U AN o 05a "PE" 1085, 3RR 1 1S
as a percentage of this average difference divided by

10 the average mass along the whole 240 m of the yvarnm.
Testing c¢an be conducted on an ACW400/DVA (Autocmatic
Cut and Weigh/Denier Variation Accessory) instrument
available from Lenzing Technik, Lenzing, Austria, A-
4860.

15 The Draw Tension (DT), in grams, was measured
at a draw ratio of 1.7.times, and at a heater
temperature of 180° C. Draw tension is used as a
measure of orientatipn. Draw tension may be measured on
a DTI 400 Draw Temsion Instrument, also available from

20 Lenzing Technik.

The Tenacity (Ten) is measured in grams per and
elongation (E) is in %. They are measured according to
ASTM D2256 using a 10 in (25.4 cm) gauge length sample,
at 65% RH and 70 degrees F., at an elongation rate of

25 60% per min.

' CFM was measured in inches of water.

An Uster Tester 3 Model C manufactured by
Zellweger Uster AG CH-8610, Uster, Switzerland was used
to measure the control and test yarn U%(N) irregularity

30 of mass. The number in percent indicates the amount of
mass deviation from the mean mass of the tested sample
and is a strong indicator of the overall material
uniformity. Testing was done following the ASTM
Method D 1425. All yarns tested were run at 200

35 wyds./min. for 2.5 minutes. The tester's Rotofil
twister unit was set to provide 8 tﬁist in the varms
and its pressure was adjusted to get the optimum U%.
For 127-34, 170-34 and 115-100 POYs the pressure was.
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-descri bed above will hereinafter be referred to as "Enbodi mrent B".

Exanple 2 the first stage was 15 supplied with 33 CFM ( 1364ebtsitser)2008

cooling air while the second stage air supply was 35 CFM (16. 3 1/se
> The aveMdy¥/@#8 vel ocity of the exit of the first stage RCHESAP®OFIOr

Example 2 was 17% higher than that in Exanple 1 (3225 v. 2755 npn). The

tapered tube Bl0 Gvesr %ﬁldmmmmﬁomt@sé@%rgdbéﬂoﬂ iﬂotﬁﬁrt éE ﬁg‘E

cooling air

' 31.7. .1/ 94 43. 8 sec
and 2nd stagg‘%agls;g%dpp &u?tregd:ufsgrc %‘ﬁ f%%r%ﬁicﬁédfpﬁ%eéggtﬁut yet

provi des conparable w t hdravval _ _
25 nore inporggﬁﬁﬁngilnproves the yarn uniformty by

spread, i.e. ]
oIO CO r-1°-L PCT/ usdo/t f&o@?ﬂ@em M3 & preyRd ggrofsnaertien filamentto - -

~0.65 vs, 1% 30 16 Septenmber 2003 WD 00/ 63468 U) (

In

c.).

unt of

f or

pl

CrtoLn M N I n{127-34LwolMesDed’ yhrir wa® spun 48ro pdy N(&Ehdh es® LN O -
-1 Mr-) O terephthlate) polymer using a quench system as

- 10

15

20

25

30

35

described hereinbefore and illustrated in Fig. 2,

having the primary apparatus parameters listed in Table

1 below, to produce yarn whose properties are also
given in Table 1. First stage quench air is supplied
{50 CFM, 23 1/sec¢) through a quench screen assembly

111, having an internal diameter D, below which is the

first stage converging section of entrance diameter D2
and height L1. A tubular section 125 formed by the
inner walls of the converging section 116 has an
entrance diameter D3, exit diameter D4 and length L2.
An independent, secondary source of cooling air (44
CrM, 20.5 l/sec.) is provided through cylindrical
perforated tube 117 and combines with the first stage
air supply at the entrance (diameter DS) of the second
stage converging section 126. The second stage
converging section 126 has exit diameter of D6 and
convergence length L3 and is positioned at the entrance
of spinning tube 119. The lower portion of the
spinning tube 119 diverges to diameter D7 over the
length 1.4 and is fitted with a perforated exhaust
diffuser cone 120 of height L5. For all examples and
controls where applicable, the second stage perforated
tube length 117 is 1.875 in. The apparatus according
to the invention of Example 1 will hereinafter be
referred to as “Embodiment A”. The yarn spun with
Embodiment A was at a withdrawal speed of 3,900 NP .
For comparison, a control yarn was also spun
from the same polymer using the quench system described
earlier and illustrated with referehce to Fig. 1, the
relevant process and resulting yarn properties are also
shown for comparison in Table 1. The control varn
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éOa-r141a) r-1 as xAA MU U - UAaa)
~Mkn MO bi s~ firyy rl}) 75 six tn(

UE-1E--1 (1) wF= ~4 a)O(L)a)

co BFocess is a conventional “radial quench” design where

cooling air exits the quencher through an exhaust tube

15 whose diameter is similar to the diameter of the

quench screen assembly

11 through which cooling air is

supplied. The'quencher was supplied with 42 CFM (19.5

1l/sec.} of cooling air and the yarn withdrawal speed

was 3,100 mpm.

This example demonstrates that filament speed

can be increased in the
invention, and varn of

apparatus of the present
comparable superior properties

are achieved, as reflected by the approximate value of

the denier spread. This example also demonstrates an

important feature of the present pneumatic spinning

invention, e.g. that one can spin at higher speeds (and

.productivities) producing the same or_better product.

If one attempted to operate at higher speeds,

mpm and above, without the benefit of pneumatic
spinning, the product would be different and, thereby,
unacceptable. The draw tension would be high and the

3Ebh low. For example,

if for Example 1 one would have

run a control test (without pneumatic) at 3,900 mpm,

the draw tension would
{see column 8, lines 19
5,824,248). For polyes
practically characteriz
tensions of two samples
tenacity and other prop

likely have been about 140 gms
-22 of U.S. Patent No.

ter POYs, the draw tension

es the yvarn. If the draw

are the same, then the %Eb,
erties will be about the same.
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Thi s exanpl e denonstrates that other types of products can be spun and

‘quenched using the apparatus 5 of the present invention Ie
yarns ofy s39gsi red denier can be produced at hi gher quag%u%%ggoﬁi&

conventional systenms, by control of the air quench system according to the
invention. The controls for these runs also include a commercially

avai | abl e BARMMGpdf sross flow quench system (XFQ Control) and a second
radi al quench control, RQ Control B. The conventional cross flow quench
system supplied 1278 cfm (603 Iliters/sec) per 6 threadlines through a

di ffusing screen of A7sacbﬁ@h§a7@319;)8@%5{@14%&@%93%;:&' aehes 15 (83.1
cm wdth and at,%mg sectl rea_of 1543 | RQ Control B

99
is a comercia q%ré%chsyﬁgﬁuggrEWJe gleﬁm tgl §h5ﬁﬁ inFig. 1
except, D3= Stiattkets twdeDif-ert7sncacfibsnaner ©3=and8exnchdiamBesul t s

achi eved are §@0M@céﬂeaa@é@w§enF@ﬁeakhrsgo Siodigpenis gk the present
invention and the controls where agg |cab t he second stage perforated

tube |ength 997VFEIAB7ECRRS - Fb? SAPeFRts e';'&:%ﬁntﬁ&ﬁ‘c§ ghametgeEn®h Del ay
was 3.25 in. Bixldififler ems iypesamplpolydasiterthamsrceena s;aparSZ’éoUSI ng an

apparatus acc t 95%? hef a dpf
pol yester par%%}iggt oé)ldg{ﬁ ?/%-rﬁf P’Oi% {#&f w\?ﬁ?hdg%f%er wﬁ‘r:‘%ht%ﬁs spun
“usi ng anl®FQ L&k rotage %%nﬁiﬁfﬁ%@mg}bltf# SongegoingnsecEibodi ment A

at 3940 npm iﬁﬁﬁmhigﬁériﬁﬁérﬁ@@Ovépﬁtﬁﬂﬂ1§QHEGH0@h@EBEc51$ht@a§n anneal er
at 4500 npm Qer di araneters a | ows: Contr ol

si ons s
Spi n bl ock tem%r ure%ﬁd}ﬁ'ﬁ%ﬁt?%‘a@pﬁ% %o a{“BPTﬁ = 297C 35 Quench
Airflow at 1"dsteriebeR@GBone rol 1l her@ifa M Hentedermeatl Bo=ad4. 0 CFM

Enbodi ment B suafbaloCFY 92, 107 sepkenber 2007 MDL00Le340, ECT/ USCD 10037

ench flow at_ 2n e =35.0 M wher e ica
Q Aig supplf%éiw1t 33 CFM (15.4 l/sec.) %f cooling air while

the second stage air supply was 35 CFM (16.3 1l/sec.).
The average air velocity of the exit of the first stage
tube 125 for Example 2 was 17% higher than that in
Example 1 (3225 v. 2755 mpm}. The tapered tube allows
20 an approximate 30% reduction in the total amount of
cooling air consumption (68 (31.7 1/sec.) vs. 94 CFM
(43.8 1/sec.) for 1" and 2™ stage air supply) required
for the spinning process but yet provides comparable
withdrawal speeds (~3900 mpm) or productivity and even
25 more importantly improves the yarn uniformity by
lowering the denier spread, i.e., 0.65 vs. 1.1%.
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- Enbodi nent A conpared to the radia
i nvention provides simlar
Enbodi ment A ver sus Enbodi nent B conpares
“section VPEB4%eter to

di aneter).

t ube

provi de better
used. The spin speed was

‘conj unction
shown in thi
conbi nati on
di anmet er

| ower poly
i ncreased
‘anot her vari
- conbi ni ng w
denonstrate
via design
170-34 or 5
Control A
~nmpm O her
t enperature
St age RQ Co
PCT/ [ 1500/ 1

TABLE 2

(0.60"-dia.
much lower first stage airflow (19 CFM 20 vs.

guench control shows that the

5 products with a 27% hi gher 1gpadhsRE§D003
results for a tapered cone

0. 750 tube) versus a strai ght coRer&sew1ee87 (10

The results indicate that a tapered cone 10 exit can
uniformty (%DS, U%(N)) was obtained while |ess air was
about the sane. Enbodi nent B using an annealer in
wi th the quench systemsimlar to-Enmbodi nent B was also 15

S run. An anneal er was used (200C, 100mm annealing length), in
with a smaller apparatus having a first stage (1S) cone exit
straight tube vs. 1.0/0.75 dia. for Enbodi nent B),
33 for Enbodi nent B), and

r fenperature (290 vs. 297 for Enbodi nent B). $pin speed

o0 4500 'n1£ﬁtn themqgnqup&'jron13900 npm Thi exanpl e shows
atijon of - the i hvent l.0Rwand <tde additive benefi{s when

{h ot hei5 255haFdict 8 Sucd s a8 anneal er, Thizs ¢xanpl e al so

~t e ability for independent control «of 3 Spi Mkfig productivity
first stage to nmaximze nelt atteﬁngtiqn:ggh next run was a
pf polyester 30 POY of nedi um denief; whe spun using RQ
B 3445 npm Enbodi ment A at 4290 npm andi Enb8Hi fent A at 4690
i mgnsi ons and paraneters were as follows: 35%Coftrol Spin block
= 291G,  nventi on®Bpi ngbl ¥R 4 gnp. = 293C Quengh Airflow at 1"
ptrol Az 58,0 CEM 38 W0 0Qf 83468 16 Sept ember 2003
D037 Enbodi nent A (4290 npn) = 35.0 CFM
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Enbodi 'rren-t A (4690 npnm) =-44.0 CFM Quench Airflow at 2" Stage Enbodi nent A
(4290 nmpm = 35.0 5 Enbodi nent A (4690 npm = 50.0 The RQG@T%tEHBen‘A?(‘!@S
he
S :

conpar edehQoleiReedi ment A at increased speeds for a m d-degiy oﬁﬁ?lfi'l
results show the effects on spin productivity by increasing airflowin
stages one and two. A productivity gain of 10 36. 1% was obtained with 94
CFM vs. 24.5%with 70 CFM  The third run was a 265-34 or 7.8 dpf polyester

POY of heavy depj IE Vgﬂ ch was spun using XFQ Control at 3200 npm RQ
Control A at %‘mﬁnd 42.0 CFM air flow at - stage one, RQ Control A

at 3406 npm and 58. 0 BriGFxxgimplie cemunssirafeedndia ettt mentpds aif 4272 npm

and  29.5 CFM gidaddi dln HeAg8udnandanh JHriRl MRnB e 4423-4M0 and 33. 0
O her di.mensi gns raneters were as foll ows

CFM air flqw at_st.age one. and

Spi n Bl ock TTerff 15 HRGEH HEVEREAET: he 95 [SHABRION X 08 @Rch Al rfl ow
at 1s' Stage Rp<Comd alerAef42a@fFbf pddddcRQ Guntirigthek (Sped=sMrhzhs. 0

Enbodi nent B ( = 5 L CE = . Q Quench

A rfl ow at tadg%%‘gzrg:l: f& %‘%S‘E&?E"%chgg?g’?@f %St(i?%fe 'ls’fl\ioeI rqél:ségllct%s of the
third run shovdf i a8Caeisd 6P ther a¥ERG iQTencThE rdanéwe len feroductivity
for RQ 30 Conttidse Mimselfiget Snuetdes aedowfiRt Gidlf1yoWWaS aH]1RC HR3seE: from

42 to 58 M (£38% .-.The results urt show. .t he .ef fects of increasing
guench ai rngOI OV\%ISO?O'/S?’I LS FEERY t?yﬁg?mt Rg%gugr%(%x té:“rT'r-’i(;agf_’1 EfSG&ent B.
Producti vi ty iratieds egeneh? eo8% bl onRR5CHO%weEN Bai ThHeowodsenad onadr eased

from 29.5 to 33SLFMAb R%hchRIDs s upSNi@ITBG ASidig & 6b%5- 100 pol yester
m cro POY on odi nrent B at_, 349Q npm and

Cont r ol at 267 .E
Enbodi nent B %drsr’?ﬁr)n PfRe®r & ggg&%ﬂ%%/%@%@ P8 t&psiesher 2003
PCT/ US00110037screen of 47.2 inches (119.9cm) length and 32.7 inches

15  (83.1 cm) width and a cross-sectional area of 1543 in’
(9955 cm’). RQ Control B is a commercial radial quench
diffuser whose geometry is shown in Fig. 1 except, D =
3 inches and D1 = 2.75 inches and C = 7.8 inches.

Results achieved are shown in Table 3. Fof all

20 embodiments of the present invention and the controls
where applicable, the second stage perforated tube
length 117 is 1.875 in. For all runs except Run 3 the
Quench Delay was 3.25 in.

Six different types of polyester varn were spun

25 using an apparatus according to Fig. 2. The first run
was a 127-34 or 3.7 dpf polyester partially oriented
yarn (POY) of light denier, which was spun using an XFQ
Control at 3035 mpm, RQ Control A at 3100 mpm,
Embodiment A at 3940 mpm, Embodiment B at 3900 mpm and

30 Embodiment B with an amnnealer at 4500 mpm.

Other dimensions and parameters were as

follows:
Control Spin block temperature = 293°C
Invention Spin block temp. = 297°C
35 Quench Airflow at 1 Stage

RQ Control A = 42.0 CFM

Embodiment A = 44.0 CFM

Embodiment B = 33.0 CFM
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-showed that a conparabl e product could be‘produced at higher spin speeds
for mcro-denier yarn. Qher dinensions and parameters arg Qptdibdrouds

Spin Bl ock T .+ 297C 5 Quench' Airflow at 1" Stage RQ Control B ; 42.0
’Eﬁbodin@ﬁ¥m§%%%490 npn) = 29.5 Quench Airflow at 2nd St dfel’V88/HIRun 5 was

performed using a 170-100 or 170-34 10 polyester yarn. The 170-100 or

170- 34 pol yester yar no,¥ash SRUP: sk, Ngr R=Cept rol _ Byat, 3200 npm and
Enbodi rent B _at 4580Q%an A@g?hyresuFts gﬁowgg,tha$ %anar% e~ product
coul d be prod@PR41GEPHEgher spin speeds for nicro-denier yarn. 15 A final

run consisted of 100-Embbﬁmm@@&?@ éﬁMﬁaﬁé?hE?bﬁ?éE?ﬂig?%g%%éggeérgogghld e
r owe a
Spun’ at hi é’hf’gﬁge R 0 G Mot ittt bos _
* PCTI US00/ 1003PTeusts ofkdt ia N % -Kigleed' sitlavNepa@edMd) NNd C7 A frOO O Inri O 0
NC- CyQt ~ Gat pNNNYONONNaihodlithdnt i X v&tdus ! Efbddiment B compares
results for a tapered cone section (17 diameter to
0.757 tube) versus a straight cone section {1~ tube
diameter). The results indicate that a tapered cone
10 exit can provide better uniformity (% DS, U% (N)) was
obtained while less air was used. The spin speéd was
about the same.
Embodiment B using an annealer in conjunction
s with the cquench system similar to Embodiment B was also
15 shown in this run. An annealer was used'(ZOOOC, 100mm
annealing length), in combination with a smaller
apparatus having a first stage (1S) cone exit diameter
(0.60"-dia. straight tube vs. 1.0/0.75 dia. for
Embodiment B), much lower first stage airflow (19 CFM
20 wvs. 33 for Embodiment B), and lower polymer temperature
(290 vs. 297 for Embodiment B). Spin speed increased
to 4500 mpm with the annealer from 3900 mpm. This
example shows another variation of the invention and
the additive benefits when combining with other
25 hardware such as an annealer. This example also
demonstrates the ability for independent control of
spinning productivity via design of first stage to
maximize melt attenuation.
The next run was a 170-34 or 5 dpf polyester
30 POY of medium denier, which was spun using RQ Control 2
at 3445 mpm, Embodiment A at 4290 mpm and Embodiment A
at 4690 mpm. ' -
Other dimensions and parameters were as
follows: :
35 Control Spin block temperature = 291°C
Invention Spin block temp. = 293°C
Quench Airflow at 1™ Stage
RQ Control A = 58.0 CFM
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Embodiment A (4290 mpm) 35.0 CFM
Embodiment A (4690 mpm) = 44.0 CFM
Quench Airflow at 2™ Stage
‘Embodiment A (4290 mpm) = 35.0

5 Embodiment A (4690 mpm)= 50.0
The RQ Control A was compared to Embodiment A

at increased speeds for a mid-denier yarn. The results

show the effects on spin productivity by increasing
airflow in stages one and two. A productivity gain of
10 36.1% was obtained with 94 CFM vs. 24.5% with 70 CFM.
' The third run was a 265-34 or 7.8 dpf polyester
POY of heavy denier, which was spun using XFQ Control
at 3200 mpm, RQ Control & at 3406 mpm and 42.0 CFM air
flow at stage one, RQ Control A at 3406 mpm and 58.0
15 CFM air flow at stage one, Embodiment B at 4272 mpm and
29.5 CFM air flow at stage one, and Embodiment B at
4422 mpm and 33.0 CFM air flow at stage one.
Other dimensions and parameters were as follows
Spin Block Temp. for RQ Controls and the
20 invention = 281°cC
Quench Airflow at 1™ Stage
RQ Control A (42 CFM) = 42.0
RQ Control A (58 CFM) = 58.0
Embodiment B {29.5 CFM) = 29.5
25 Embodiment B (33 CFM) = 33.0
Quench Airflow at 2™ Stage = 35.0
Quench Delay = 1.25 in.
The results of the third run showed the effects
of increasing quench airflows on productivity for RQ
30 Controls. No effects were seen when airflow was
increased from 42 to 58 CFM (+38%). The results
further show the effects of increasing quench airflows
on productivity for the quench system of Embodiment E.
Productivity increased to 29.8% from 25.4% when airflow
35 was increased from 29.5 to 33 CFM {(+11.9%).
Run 4 was performed using a 115-100 Dolyester
micro POY on RQ Control B at 2670 mpm, Embodiment B at
3490 mpm and Embodiment B at 3500 mpm. The results
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showed that a comparable product could be produced at
- higher spin speeds for micro-denier yarn.
Other dimensions and parameters are as follows:
Spin Block Temp. + 297°C
5 Quench’ Airflow at 1% Stage
RO Control B = 42.0
Embodiment B (3490 mpm) = 29.5
Quench Airflow at 2™ Stage =35.0
Run 5 was performed using a 170-100 or 170-34
10 polyester yarn. The 170-100 or 170-34 polyester yarnm
was spun using RQ Control B at 3200 mpm and Embodiment
B at 4580 mpm. Again results showed that comparable
product could be produced at higher spin speeds for
micro~denier yarn.
15 A final run consisted of 100-34 HOY being spun
on Embodiment B at 5000, 6000, 7000, and 7,500 mpm.
The results showed that highly oriented varn could be
spurl at high speeds.
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Although the invention has been éescribed above in
detail for the purpose of ilJustration, it is
understood tha; the skilled artisan may make IUMerous .

5 wvariations and alterations without departing from the
spirit. and scope of the invention defined by the
following claims.
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Al t hough the P%%%%%i%%l‘has, been descri bed above in detail for the purpose 037

of-illustration, it is wunderstood that the skilled arti sgnsdmembaR03
‘'nunerous. 5-variations and alterations without departing fromthe spirit.

and scope of i pyent i efined by the followng clainms. 38 10-04-2001
DP6725 PCT Uéhggﬁoﬁ%og%kﬁgmge% enmber 2003 WHAT IS CLAIMED IS: 5 1. A nelt
spi nni ng apparatus for spinning continuous polyneric filanents,

conpri si ng: a first s%ageAg[%g {'énlset chanber adagt ed_to be, |pcated bel ow a
spi nneret “and a secon 35 SPATRERY cHBRBEF C O cEPEdSBLFBW e he fi r st

“stage
st age gas i nlenilnwhenieel ymdet @i i ldesdtis stcansk setmnd st age gas inl et
chanbers supply gas t i t 0. r erature of the
filaments; and a tubegl%%g%%dégfg?%mﬁ?%engg%%n%as‘bﬁagﬁ %%%Bt?(%l %2 RRamber for
surroundi ng t¥catednketaw o3 IMERenst coot | a cdererd estiagel gas thalet he t ube

i ncludes an idHAboF MWoddtdAVBAR CUNVEI SN Seed iy foldowed by a
di vergl,nﬁ sect.i (313?.?2. ‘Ii%;a apparatus, of claim1, wherein a first. stage
convergi 1§ setdHeETs ¥ 1??‘.’;3&E M%@F%‘h@?q r¥RCod whagh R IR chanber
and the seconthsisges gapph) efas almrales £ Bl ankhe Apparasntsel el m
1,-further includi a housi,n ted to be |located below a spinneret,
and a first stteagfflz:%glr%eero%zt&-l% é‘@%ﬁe&%’aga&%S chanber each forned in the
inner wall of the housitihe brchiedditlow e apbechd ostdege iqeer wall at a
| ower porti t i r.st t r f st age
a1 thedidaSte s %ﬁg&gﬁ{r _H}ﬁ{4 g Uhe %ﬁ&gé]g%s ey

chanber fromthe second stage cha e appar at us m 1, further

30 i ncl u#i? ng WHuerfIRRG SN 2&htith I tBahddie itohal dnrludes fan st st age

chanber, wherigidertie- appal Haisirs Adaptad-gisie bddato! essidviad 19as s

bl own i nwar dl (;I,rom the first stage gas inlet through the first stage

chamber intd“y LS 54 he interior wall of the quench 35 screen.
2. The apparatus of claim 1, wherein a first

stage converging section is formed between the first
20 stage gas inlet chamber and the second stage gas inlet
chamber.
3. The apparatus of claim 1, further
including a housing adapted to be located below a
spinneret, and a first stage chamber and a second stage
25 chamber each formed in the inner wall of the housing,
and a wall is attached to the inner wall at a lower
portion of the first stage chamber.to separate the -
first stage chamber from the second stage chamber.
4. The apparatus of claim 1, further
30 including a gquench screen centrally positibned in the
first stage chamber, wherein the apparatus is adapted
such that pressurized-gas is blown inwardly from the
tirst stage gas inlet through the first stage chamber
into a zone formed in the interior wall of the quench
35 screen.
5. The apparatus of claim 1, further
including a first stage converging section formed in
the interior of the inner wall, and a perforated tube

disposed below the first stage converging section and

- 38 -
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5. The apparaPus o? alntl further including a first stage convergl g
section formed in the interior of the inner wall, and aqpsatd be
‘di sposed bel ometheeﬁl tﬁé st age geagfergeeglﬁ%&l QﬂdaEHeg’gecéygé HEET

10- 04- 2001 DP6725, 80001023 16 _Sept ember. 2003 betmeen 3Fi r st
stage gas |nl%?sahﬁ §8EoRE™ PQGEEdQSEb?npéﬂngth@cﬁeﬁﬂoﬁﬁﬂeaaﬁﬁwe bei ng
| ocat ed cent mitlyln\mthel setbrdsetagd ehageeehanber 5 6. The apparatus of
claim1l, further |nc%ud|@geaaconve£glng ne. ha |ng pe $forated wal | s

| ocat ed bé&l ow the di vé&rgi ng-set The §6Ba at t85PE aim 1, further
including a thm¢huélegeachenbergingnednenhahEngnperfoﬁ@tmalWapisthe housi ng
and a third s S t g the third stage chanber',
wherein the %ﬁ%ﬁtgg %2%?e%ﬁge?%ﬁ??%thh?ggélégge gas inlet chanber. 8.
The apparatus of claify 6TReuRPReFa£8si Aél adrAy a,vaouthebox | ocated bel ow

the di ver gi NGinEREA1 AN, a WIRL £ Nst B8e VAR LHIEE POXoSHEH 04 dS, L hey , conver gi ng
atus of claim further i ncl udi ng, a vacuum box

cone. The p

| ocat ed ggl ovVatf';E %“Erv%lﬁ% Rgrsopo 334 dnthiRd atageagantinket £@be | ocat ed
bel ow t he di mmmm@ogmncovm:m emlmeswg@uah@mseﬁurmétﬁ@lﬁnt@ee strai ght
wal | tube. 1 ey of cI wherejn the ng sectjon is
a curved di vg:r g1 hg %P‘%@%ﬁ%@ I':l('?tlo“i'heh%t Jr’é‘?uié BFE T nJrIif ’\g\herel n the

di vergi ng secthampb¢s. a curved diverging piece, further including a
perforated tube |ocatgd bglowthe divergkn cLio The appar at us of
claim1l1, wherein the 3D d|ver%?nggsegt?£n9%§§ﬁeéfo?u¥&%e¥o all ow a portion
of gas 13 exXtRHUSIYW 12 WEaHibRK locaed ¥ aths dfveraimg 1, wherein

the one gas gattelon Ntwlestens BHDI wMdwGh IbdR Sufisstastage charmber, and a

second gas inlet |ntroduces
‘ converging cole.

01003;

9. The apparatus of claim 1, further
including a vacuum box located below the diverging

20 section, and a straight wall tube lecated below the
diverging section, wherein the vacuum box surrounds the
straight wall tube.

10. The apparatus of claim 6, wherein the
diverging section is a curved diverging piece.

25 ' 11. The apparatus of claim 1, whexein the
diverging section is a curved diverging piece, further
including a perforated tube located below the diverging
section. ' '

12. The apparatus of claim 1, wherein the

30 dlverglng section is perforated to allow a portion of
gas to exhaust while expanding.

13. The apparatus of claim 1, wherein the one
gas inlet introduces ambient air to a first stage |
chamber, and a second gas inlet introduces

35 superatmospheric gas to a second stage chamber.

14. A melt spinning process fer spinning'-
continuous polymeric filaments, comprising:A

passing a heated polymeric melt in a
spinmeret to form filaments;

AMENDED SHEET
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35 super at no$PeEcc R§A5 to a second stage chanber. 14, A nelt spin%#%800010037

process for spinning continuous polyneric filaments, congrd fagbmgﬁ@aing a
"heated polyneric nmelt in a. i nneret to f rngﬁilanents; 40 AMENDE EET
10- 04- 2001 DP6725 PCT B%qﬁ%§§ 37 9F §€p¥%ﬁb - 1ZHeRL S fdPd@n g2 gas to
the fil ament snfledmchagher Aoetteldatedion atat et ibelecowt Hey spifaregret in a
first stageg.p.providing a gas to the filaments froma gas inlet chanber
in a second stage; passing the filanents to a tube |located bel ow the gas
inl et chahbers,, wher ePAogaiddngulge gesnmboi sde &l lamenési drowakl ghavi ng a

conver gi ng seghkencpbpblkoned By selQr@ diuglgi ng. section. 15. The process
-of claim14, wherein the filanments |eavethe tube and are taken up by a

take-up roll, wherei nPRRELIFS] [Fhes fddppentst te suttiee logasadobelaw | east
500 neters pehenbast ¢nléd thambbeeshr otessiaf sehal Mubd cwWabehRekhen
filaments and_the.gas s, through the converging, .secti o and further
wherein the g& eﬁ&%@lggiﬁe?ayﬁnghé cPFW&ﬁgﬁPgtFE&EFOHPr§83P8We§sb¥he

fil amentl coat dawertgdngceekbtid@d.17. The process of- cl aim 14, wherein

pressurized gas is bhaun bgaLdlopeldl 8.2 AQNG WCT §ulhe s f (hament s begin to
e urtner

cool in the first-stage gas i chanber, "an Wherei n pressuri zed
gas i s bl ownfilangrary lepgm the Subenandt age §a¥ennlst byamdteke-25 second

stage gas cogBimesywelBihhenki el 1553989980 Br kheuceAwer ghagasegtion to
assist with fllinent coollng. 18. The process of claim18, wherein the
conmbi ned fir8F afifS5ecBRI™MELEGE §5E WeFBEPty irncreases in the fil ament

travel di¥ection in-te cTheepgiongs30ofeelndm an] wWaerigdeeheases as the gas
roves, L oudh et VEL8 9c08EL) S Ll EnPLIRCRBeLaghab, 10, further
section, and further wherein the gas accelerates in the
filament travel direction as the filaments continue to
cool. 7
20 17. The procesgs of claim 14, wherein
pressurized gas is blown inwardly into a zone where the
filaments begin to cool in‘the first-stage gas inlet
chamber, and further wherein pressurized gas is blown
inwardly from the second stage gas inlet, and the
25 second stage gas combines with the first stage gas in
the converging section to assist with filament cooiing.
18. The process of claim 18, wherein the
combined first and second stage gas velocity increases
in the filament travel direction in the converging
30 section and then decreases as the gas moves through the
diverging section.
19. The process of claim 14, further
comprising applying a level of vacuum to the filaments.
20. The process of e¢laim 14, further
35 comprising opening the first stage chamber to
atmosphere, supplying superatmospheric air to the
second stage gas inlet, pulling atmospheric gas from
the first stage chamber, removing a portion of the air
from the first and second stage chambers, and
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20. The pr 0cdFLH° TG m 14, further 35 conprising opening the fi rst 9%8%10037
chanber* to atnosphere, supplying superatnospheric air tq-etég‘pterﬁsg,oﬂfb stage

“gas inlet, plﬁﬂﬂf&i@éﬂ?gf%'act% Eﬁ{gf@eogdélgéel% ha?]’xs)er renoving

a portion of the air he first and secon age c and - 41
AVENDED SHEEPHSE73Z FeT S 0pUu1 03T e eseptwhtfer 2003 i ntroduci ng gas at
at nospheric _or superatnospheric pressure in a fourth stage gas inlet. 42
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